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GENERAL INTRODUCTION 
Water is the essence of life. It dominates the chemical 
composition of all organisms. The ubiquity of water in the biota as the 
fulcrum of biochemical metabolism rests on its unique physico-chemical 
and biological properties. To understand the physico-chemical and biological 
properties of water, the knowledge of limnology is essential. Welch 
(1952) defines limnology as that branch of science which deals with 
biological productivity of inland waters and with all the causal influences 
which determine it. 
According to Welch (1952), the interest of man in the study of 
freshwater bodies can be traced back possibly to a period even before 
the days of Aristotle (384-322 B.C.). However, the present day limnologists 
consider Forel (1841-1912) as being the founder of modern limnology. 
Since the very beginning of the present century several scientists had 
started studies in the field of limnology. Some of the earliest references 
in this field are those of Birge and Juday (1911, 1929), Atkins (1923), 
Maucha (1932), Pruthi (1933), Lohammer (1938), Mortimer (1941), 
Chandler (1944), Rodhe (1948) and Ganapati (1949). 
Both the ever growing human population and the accelerating 
industrialization put in turn an ever increasing demand on the supply 
of adequate quantities of water of satisfactory quality. Limnologists 
may play an important role at this juncture by being of help in solving 
the problems of eutrophication of inland water bodies, industrial pollution 
of water, non availability of clean drinking water etc. This may also 
be helpful in overcoming the scarcity of fish and prawn protein. Thus, 
in view of the expanding use of finite freshwater resources by man, 
s tudies are required to be undertaken in order to expand our knowledge 
regarding freshwater bodies. 
As Commoner (1976) put it, environment in the past was pure, 
v i rg in , uncontaminated and unused. However, economic growth in the 
wake of scientif ic and technological development led to large scale 
explo i ta t ion of the environment. At this juncture and in the attempt 
of sat isfying his ever increasing and varied needs, man began the 
exercise of massive exploitation of natural and fossil resources of 
energy. He, however, failed to realize that his actions were gradually 
degrading the quality of the environment and were also disrupting 
nature 's regenerat ive and balancing capaci ty . The rate at which various 
natural and energy resources including the fossil fuel resources are 
being used today is very high. This has led to a massive depletion of 
these resources of energy. It has also resulted in the production of huge 
amount of wastes whose disposal has polluted the environment to such 
a degree that it has caused a major concern in recent years. 
Pol lu tan ts originating in the form of industrial and domestic 
wastes and as by-products of the burning of coal in thermal power 
plants may be said to be the major sources of pol lut ion of water present 
in the freshwater bodies in India. Pollution originating from the domestic 
sources occurs on such a large scale in a country like India that it can be 
said to be almost impossible to estimate it correctly. However, the 
pol lu t ion ar is ing from the industrial effluents were being added daily 
into the surface water resources in our country. 
After the industrial and domestic waste water discharge, the 
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pollution caused by the burning of coal in thermal power plants is 
probably the next significant threat to the environment . The basic 
characterist ics of coal are heat potential, moisture and high ash content. 
As far as the problem of pollution caused by the burning of coal in 
thermal power plants is concerned, the chief pol lutants released into 
the environment by these plants are fly-ash, waste heat, heavy metals, 
certain gases like carbon-dioxide (COj), nitrogen-dioxide (NOj), sulphur-
dioxide (SOj) etc. and particulate matter [Ramachandran et al., 1990 
and Pervez and Pandey, 1994]. Nearly 70% of the total amount of 
residue generated during the burning of coal in thermal power plants 
consti tutes fly-ash. The ash production during 1992 was 47.16 million 
tonnes which is expected to become 69.00 mil l ion tonnes by the year 
2000 (Madduri and Usha, 1992). 
The proper t ies of fly-ash depend on the composi t ion of the parent 
coal, condit ions during the combustion, efficiency of emission control 
devices, storage and handling of other by-products and the prevail ing 
weather condi t ions . 
According to Block and Dams (1975) ash is reported to contain 
a number of toxic metals . It is found to be predominantly made up of 
Al, Si, Ca, Fe, Mg, Na, S, As, Cd, Cu, Mo, Pb, Sb, Ti, Zn, Ba and 
Se (Sharma et al., 1997). Concentrations of the biological ly toxic 
elements namely, B, Mo, and Se in fly-ash greatly exceed their concentration 
in soil. In comparison to coai, the fly-ash contents inc 'ude relatively 
higher amount of available-phosphorus and potassium while on the 
other hand the amount of C and N present in it is less than that present 
in the parent material . Fly-ash comprises small sized part ic les which 
are mostly in the range of silt and clay part ic les with an average size 
around 70|am. They are prone lo erosion primarily due to the action 
of wind and water. On account of their low density, fly-ash particles 
can fly or be carried to far off distances. 
The above mentioned various emissions and wastes from thermal 
power plants are known to have adverse effect on the environment For 
example, fly-ash causes reduction in the transparency of air as well as 
water. The latter phenomenon has been reported by Mukherjee et al. 
(1986). Besides this the fly-ash also affects the aquatic fauna (Guthrie 
et al, 1978; Spencer et al., 1983; Bamber, 1984; Crecelius, 1985; 
Norton, 1985; and Wu, 1991). Waste water discharge from the thermal 
power plants and the ash pond can reduce the fertility of the soil 
resulting into a fall in the agricultural productivity as indicated by Khan 
(1985). It may also reduce the aquatic fish productivity as has been reported 
by Mukherjee et al. (1986). 
Waste heat released at all points of energy conversions (chemical 
energy of coal -¥ heat energy -^ mechanical power in steam turbines 
-> electricity in generators) during the burning of coal in a thermal 
power plant is taken up by the cooling water from the condensers of 
the thermal power plant and is finally released into the aquatic environment. 
This causes pollution which affects the aquatic environment (Gallup 
and Hickman, 1975; Dojlido, 1977; Zdanowski et al., 1988; and Santhanam 
et al., 1994) as well as the aquatic organisms (Hickman, 1974; Durrett 
and Pearson, 1975; Bellan-Santini et al., 1977; Bourgade, 1977; Cole 
and Kelly, 1978; Ferguson and Fox, 1978; Ames et al, 1979; Abbe, 
1983; Chessman, 1985; Hillbricht eM/., 1988; Chen, 1992; Burhanuddin, 
1993; Han and Hu, 1993; Andreate.^?/ al., 1994; Salveit et al., 1994; 
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and Santhanam et al., 1994). Interestingly, however, as indicated by 
Huguenin (1974), Huner and Lindqvist (1986) and Park e( al. (1995) this 
v/aste heat can be made use of in aquaculture as is being done in the 
U.S., Japan and Korea. 
The heavy metals are also reported to affect the aquatic environment 
and the organisms inhabiting it. (Kaladharan et al., 1990; Hatcher et 
al., \992; Virni etal., 1992; Rosso et al., 1993; Mishra e/a/. , I994^and 
Pervez and Pandey, 1994). Similarly, the gases released from the burning 
of coal in a power plant also affect the environment adversely. For 
example, COj causes green house effect, global warming and contributes 
to ozone depletion while SOj causes acid rains when it reacts with the 
moisture present in the atmosphere. 
Inhaling the toxic air and drinking the polluted water, both man 
as well as animals of various kinds living near thermal power plant 
face serious health hazards and are prone to diseases ranging from mild 
intoxication to damaged liver or even loss of organs. 
Thus, it is apparent that in such a freshwater body which receives 
effluents from a thermal power plant, water becomes unfit for human 
consumption and cannot be used for irrigation either. The aquatic life 
occurring in such water bodies is affected chiefly because of both the 
increase in temperature and the reduction in the euphotic zone, the latfer 
mainly due to the presence of fly-ash. 
From the limnology and f.ihery biology point of view, the problem 
arising from the effluents discharged from thermal power plants centres 
around the disposal of the fly-ash. At present such power stations take 
up enormous tracts of lards over which the slurry of fly-ash mixed 
with water is pumped for dumping. A wall (dyke) is built around such 
a dumping area and as the pile grows the height of the wall is also 
raised correspondingly. The amount of water required for sluicing the 
fly-ash to the settling ponds ranges from 5.04-168.OOKL of water per 
metric tonne of ash (USEPA, 1974). 
Regarding the pollution caused by the fly-ash, in addition to the 
hazards caused by it as already mentioned above, there also exists the 
possibility of leaching of heavy metals from the fly-ash into the soil 
and their permeation down into the groundwater, thereby causing pollution 
of wells, streams and rivers. The dumped ash requires to be kept moist 
because if dried its particles which are of a very small size are liable 
to become air-borne, in which condition they would become a serious 
health hazard and may cause bronchial and skin ailments. Further, if 
these air-borne particles settle down on plants they may hinder the 
process of photosynthesis. 
However, as in the case of excess heat coming alongwith the water 
discharged from the thermal power plant which can be utilized in 
aquaculture, the fly-ash obtained from the power plants can also be 
put to different uses such as in making bricks, cement and concrete, 
in agriculture for soil improvement, in gathering grounds for fish 
(Collins et a!., 1994) and in removal of zinc, copper and ammonia from 
industrial effluents (Panday et al., 1985; Sen and De, 1987 and Gaikwad 
and Bhardwaj, 1975). 
It is clear from the above that the thermal power plants wherever 
located contaminate the local environment by polluting soil, water and 
air and adversely affect the biota. A survey of the literature shows that 
beginning in the late fifties a good amount of work was done outside 
India on the impact of thermal power plants on the ecology of a given 
area. Some important references in this connection are those of Markowski 
(1959), Langford(1971), Whitehouse (1971), Healy (1973), Scott (1973), 
Benda et al. (1974), Gallup and Hickman (1975), Gras (1977), Guthrie 
et al. (1978), Stuart and Stanford (1978), Cherry et al. (1979), Eloranta 
(1982), Spencer e/a/. (1983), Bamber (1 984), Hillbricht and Zdanowski 
(1988), Snoeijs and Prentice (1989), Price and Keating (1991), Wu 
(1991), Chen (1992), Hatcher et al. (1992), Kress et al. (1993) and 
Saltveit et al. (1994). However, not much work has been done on these 
aspects in India. Some of the important contributions made by the 
Indian scientists in this connection are those of Khan (1985), Uppal 
(1985), Mukherjee e/a/. (1986), Patel and Pandey (1987), Banerjee and 
Mukherjee(1990), Ramchandran e/a/. (1990), Madduri and Usha (1992), 
Gaur and Khan (1993a,b), Srivastava et al. (1993, 1995), Mehta and 
Mahto (1994), Pervez and Pandey (1994) and Khan et al. (1996). In 
view of this, therefore, it was considered necessary to make a detailed 
limnological study of a water body which receives effluents from a 
thermal power plant. For this purpose, a man-made leachate reservoir 
of about 75 ha area (water-filled area 13.5 ha) receiving effluents from 
the Harduaganj Thermal Power Plant (HTPP) at Aligarh (U.P.), India, 
was selected. The main objectives of the present study were to investigate 
(ii) the physico-chemical and biological characteristics of the water and 
sediments, and (ii) to assess the effect of effluents released by HTPP 
on the plankton productivity of the water in the reservoir. This was 
done for the purpose of exploring the possibility of utilizing the 
leachate reservoir and similar w-ater bodies for fish aquaculture. 
^sgiooi 
8 
DESCRIPTION OF THE STUDY AREA AND 
CLIMATOLOGY OF THE REGION 
For the present study, samples were taken from a man-made 
reservoir which is located at Harduaganj town at a distance of about 13 
km to the North East of Aligarh Muslim University campus (28°r30") . 
Commissioned in 1986, it receives the effluents from the coal-fired 
Harduaganj thermal power plant (HTPP). This water body is named as 
'Leachate Reservoir' because various constituents of fly-ash released 
from HTPP are leached out in it. 
For its functioning, the HTPP, with a total capacity of 700 MW, 
uses 11,65,069 tonnes of sulphur rich bituminous coal annually as fuel. 
This type of coal burns with a smoky flame. As a result, the burning 
of coal in HTPP leads to the production of several pollutants including 
the fly-ash (details of these pollutants are provided in Chapter I of this 
thesis). About 4, 10, 048 tonnes of fly-ash is produced annually. It is chiefly 
the fly-ash emanating from the HTPP which is released into the leachate 
reservoir through a condensation process using water. This water is 
obtained from the Upper Ganges canal flowing near the power plant. The 
amount of fly-ash present in the effluent being discharged into the reservoir 
is 1.4 g/lOOml of water. 
The Leachate Reservoir covers a total area of about 75 ha, out 
of which the water filled area is only 13.5 ha. The remaining portion 
of the reservoir is dry. This part of the reservoir remains dry even in the 
rainy season firstly because the fly-ash is piled-up there, and secondly 
because a large drain pipe positioned near the surface of water present inside 
the reservoir drains away any excess amount of water coming in the reservoir 
thus keeping its surface from rising. The dry area of the reservoir is mainly 
covered with wild grasses, while the water-filled area harbours plankton, 
aquatic macrophyte, some species offish of economic importance and 
several types of birds, both migratory and non-migratory . It is not 
uncommon to see the cattle from the adjoining villages bathing or grazing 
inside the reservoir. 
The Leachate Reservoir is almost squarish in shape and is 
surrounded by dyke. The depth and the area of the water-f i l led portion 
of the reservoir do not vary seasonally. This is so because, as mentioned 
above, a large calib{p(1)^pipe is provided there at a suitable level in order 
to drain off the surplus water from the reservoir. Thus, the reservoir 
has got an almost regular shore-l ine. The bottom of the reservoir is 
covered mainly with ash mixed with small quantities of si l t , clay, mud 
and sand. 
The morphometric studies of the Leachate Reservoir reveals the 
following characteris t ics : 
(i) Maximum length of the reservoir 810 m 
(ii) Maximum width of the reservoir : 930 m 
(iii) Area of the reservoir : 75.33 ha 
(iv) Maximum length of the water-filled portion 
of the reservoir : 450 m 
v) Maximum width of the water filled 
portion of the reservoir : 300 m 
vi) Area of the water-fi l led portion 
of the reservoir : 13.5 ha 
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vii) Depth of the water-filled portion 
of the reservoir : 
a) Maximum 2.5 m 
b) Minimum : 0.001 m 
viii) Shore-line of the reservoir 3480 m 
ix) Shore-line of the water-filled portion : 1500 m. 
SAMPLING STATIONS: 
Selection of the sampling stations was done keeping in mind the 
inflow of HTPP effluents into the reservoir and the outflow of excess 
water from it. 
For the present study, four stations(S-l, S-2, S-3 and S-4) were 
selected along the shore-line of the water-filled area of the reservoir. 
Positions of these study stations are shown in Fig. 1. Station S-1, with 
the depth of water 0.10 m, was located near that place at which inlet pipe 
brings the effluents directly from the HTPP into the reservoir. Station 
S-2, with the depth of water 1.75m, was located 360m downstream from 
S-1. Station S-3, with the depth of water 1.00 m, was located towards the 
farthest N-W corner of the reservoir, which is also a blind end of the 
reservoir. Station S-3 has year round occurrence of Lemna minor forming 
patches of bloom. Station S-4, with the depth of water 2.50 m, was located 
at the farthest S-W corner of the reservoir near the place from where 'Lahtoi 
drain' takes away surplus water from the reservoir. 
CLIMATOLOGY OF ALIGARH 
Climatic factors play an important role in the ecology of both 
aquatic and terrestrial environments (Barclay, 1966). These factors 
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control organic production in lakes and rivers by affecting c i rcu la t ion 
and exchange of essential nutrients (Rawson, 1958 and Rodhe, 1958). 
Handa et al. (1987) and Pandey and Tripathi (1988) have also repor ted the 
role of climatic factors in the ecology of aquatic ecosystems. For a 
scientific approach to aquaculture practices, the understanding of climatic 
factors and their interact ion with the biological processes wi th in the 
water body is essential . In view of all this, therefore, a brief description 
of the climatology of Aligarh is given here. 
Aligarh, a district in Uttar Pradesh in Northern India, is located 
in the Central Ganga-Yamuna Doab at latitude 27°54' N and longi tude 
78°04'E. It experiences the tropical monsoon type of c l imate with 
marked north-east and south-west monsoons. The year can broadly 
he divided into the following four seasons: 
(i) Winter season (December to February) 
(ii) Summer season (March to Mid-June) 
(iii) Monsoon season i.e. season of general rains (Mid-June to September) 
(iv) Post-monsoon season i.e. season of retreating monsoon (October 
to November) 
The winter season is marked with a gradual and cons iderable fall 
in temperature . The nights of winter are cold (as low as 2°C at midnight) 
and the days are moderately warm. The winds are very light and mostly 
dry. This season is general ly rainless. 
The summer season is marked with a gradual rise in temperature, 
bright sunshine, near absence of cloudy days, a gradual lengthening of the 
photoperiod and a lower relative humidity. In the months of May and June, 
the temperature remains except ional ly high with the mercury touching 
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upto 47°C at noon time. I'ast currents of hoi and dr\ air usually blow in 
the day time. 
Summer is followed by the monsoon season. The rains generally 
begin in the middle of June and last till the end of September or early 
October. This season is characterised by a gradual fall in temperature, more 
numerous cloudy days, relatively low light intensity, a gradual shortening 
of the photoperiod, high relative humidity and cyclonic weather. The 
months of July and August have steady rains. 
The monsoon season is followed by a period of t ransi t ion from 
rainy to dry and cool weather. This is the season of re t reat ing monsoon 
and is termed as post-monsoon season. This season is characterized 
by a further fall in diurnal and nocturnal temperatures and a gradual 
decrease in photoperiod and relative humidity. 
^ 0^^ HACO.. 
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Water-fi l led Area 
Fig. 1 
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Plate - 1 : Photograph of the Leachate Reservoir showing the Point of 
Entry of Effluents (Station S-1), coming from HTPP. 
ST' 
Plate - 2 : Photograph of the Leachate Reservoir showing the Dry Area. 
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WATER QUALITY CHARACTERISTICS OF THE 
LEACHATE RESERVOIR 
3.1 INTRODUCTION: 
Life depends upon the continuance of a proper exchange of essential 
substances and energies between an organism and its surroundings. Therefore, 
a suitable environment is necessary for the existence of any organism. 
Water is a bed for aquatic life. Being a very good solvent, it provides 
an ionic balance and also has nutrients dissolved in it which are essential 
for supporting the aquatic fauna and flora. Thus, together with its contained 
substances and energies, water constitutes the immediate environment for 
various aquatic organisms. 
With the increasing human population an increase in the demand of 
water by man is natural. But its unplanned use in sectors like industry 
and power generation etc., may lead to a high degree of contamination 
of the aquatic resources of the world. It is, therefore, necessary for us 
to study the aquatic environment so that we can manage it and protect 
it from getting irretrievably spoiled. Fortunately, in India, the Central Water 
Act (1974), the Environmental (Protection) Act (1986) and the National 
Environmental Tribunal Act (1995) have already been implemented, and, 
through these legislative acts the conditions can be prevented from getting 
worse. It is hoped that gradually the water quality will improve. 
Closely associated with the increase in the human population, there 
is an increasing need for the exploitation of fish aS a source of protein. 
This, in turn, calls for increasing exploitation of both natural as well as 
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man-made water bodies for aquaculture practices. Among the man-made 
reservoirs, those associated with thermal power plants are meant to receive 
thermal power effluents. However, if exploited for fish production, such 
reservoirs may also contribute in the production offish. 
The water present in an inland water body is said to be polluted 
when contaminants like sewage water, industrial discharge and surface 
run-off etc. are allowed to be added to it. It may be considered that the 
discharge from a thermal power plant may also lead to deterioration in 
the quality of water present in the reservoir. Generally speaking, pollution 
occurring in a given freshwater body is known to have adverse effect on 
the flora and fauna present in that body of water. As already mentioned 
in Chapter 1 of the present thesis, the operation of coal-fired power plants 
may deteriorate the quality of water. This is liable to affect the fish 
adversely. Peres and Boge (1987) have reported that physico - chemical 
pollution can result in perturbed fish nutrition and can also cause growth 
delay, perturbation in their reproduction and even death. 
The physico-chemical pollution is known to affect plankton also. 
Das (1995) reported that phytoplankton can survive within a definite range 
of temperature, pH and dissolved oxygen. According to his (1995) 
observations zooplankton and fish are hardly able to live below D.O. level 
of 4.0 mg/L and pH of 6.5. Regarding the mineral content of water. Das 
(1995) observed the presence of an excess amount of phosphate - phosphorus 
(PO4-P) and nitrate-nitrogen (NO3-N), even in oligotrophic lakes, causes 
phytoplankton blooms and later zooplankton blooms. 
As observed by Goldman and Home (1983) and Haque (1991), 
physico-chemical parameters are good measures for estimating and quantifying 
the effect of pollut ion on the trophic and toxic levels of water. These 
effects are reflected in the community structure, diversity and abundance 
pattern of species. This knowledge regarding the community structure of 
the biota can be used in biological monitoring programmes. Biomonitoring 
studies are, therefore, very helpful in understanding the structural changes 
in the biological communities for the purpose of evaluating whether a given 
water body has the capacity to absorb the stress of pollution and can attain 
a new dynamic equilibrium without lowering its desired water quality for 
the purpose off ish aquaculture. 
Scientists have paid attention to the study of plankton found in those 
water bodies which receive effluents from thermal power plants . Important 
references in this field of study are those of Prabhavathy and Sreenivasan 
(1977), Gaur and Khan (1993b) and Santhanam and Srinivasan (1994) 
from India; and those of Langford (1971), Hickman (1974) , Bourgade 
(1977), Verlaque (1977) , Squires et al. (1979), Laaf-fl9*03, Chang and 
Rossmann (1983), Chessman (1985"), Spencer et al. (1983) , Crecidius 
(1985), Hillbricht et al. (1988), Simm (1988), Snoeij's and Prentice 
(1989), Chen (1992) and Ryabova et al. (1995) from outs ide India. 
The study of limnology with reference to the water quality parameters has 
attracted the attention of several foreign and Indian scientists. Notable among 
those who have contributed in this field of limnology from outside India are: Birge 
and Juday, (1911), Atkins, (1923), Mauche, (1932), Chandler (1944), Rodhe 
(1948), Welch (1948), Northcote and Larkin (1956), Reid (1961), Hutchinson 
(1967), Schindler (1971), Schmit (1972), Wetzel (1975), Schanz (1982), 
Goldman and Home (1983) My llamaa ; 1987), Liang and Arthur (1988), Mittenzwey 
et al. (1991), Newman et al. (1994). Theodorou (199?) and Sarvala et al. 
(] 997); and on the Indian scene, the notable contributions in this field of study 
include the works of Pruthi (1933). Ganapati (1949, 1955, 1957, I960- 1962, 
1968) Pennak (1955) , Sreenvasan (1964a, b, 1965), Zafar (1964), Khan 
(1969), Vashist and Sharma (1976), Khan and Siddiqui (1974), Munawar 
(1974), Khan e/fl/. (1978), Hosmani and Bhart i(1980), Singhet al. (1982), 
Singhale/f l / . (1986), Shastree e/o/. (1991), Dixit e/a/. (1992),Das (1995), 
Krishnamurthi and Bharti(l994), Vermaand Mohanty(l 994), Chauhan( 1995) 
and Paka and Rao (1997). 
However, from a look at the literature, it becomes clear that the 
interest of scient is ts in the study of the water quality of those water-bodies 
which receive effluents from thermal power plants , is relat ively recent. 
Some important contr ibut ions from scientists working outside India are 
those ofNei l land Magnuson (1974), Gallup and Hickman (1975), Dojlido 
(1977) Sams e / a / . (1978), W ^ e r (1979), Helder e / a / . (1982), Guthrie 
etal. (1982),Gladden;^(1985),Hillbrichte/a/. (1988),Zdanowski (1988), 
Price and Keating (1991), Hatcher et al. (1992), Gons and Gobbelaar 
(1992), Nalewajako and Dunnstall (1994). Contr ibut ions from Indian 
scientists are those of Mukherjee e/a/. (1986), Ramchandran 
et al. (1990), Unni et al. (1992), Gaur and Khan (1993a,b), Mehta and 
Mahto (1994) , Mishra et al. (1994) and Pervez and Pandey (1994). 
It is obvious from the above, therefore, that more work is required 
to be done on both the study of the water quality and plankton in various 
water bodies receiving effluents from thermal power plants specially on 
the Indian scene. 
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3.2 MATERIALS i& METHODS : 
For thepresent study, the water and plankton samples were taken from 
the four fixed stations (S-1, S-2, S-3 and S-4) located at the leachate reservoir. 
Samples were taken from the surface water of the reservoir. They were 
collected once a month for two calendar years (March, 1995 through February, 
1997). The samples were taken between 9.00 to 11.00 a.m. 
Dataregardingthecolour of water, temperatures of air and water, water 
transparency, pH, alkalinity, dissolved oxygen and free carbon dioxide, were 
collected in duplicate at the site of sampling itself, and their mean taken. The 
remaining part of the analysis which included observations on the turbidity of 
water, its electrical conductivity, solids and nutrients present in it as well as its 
biological analysis, was carried out in the laboratory taking three replicates 
whose mean values represented the monthly readings. While taking all these 
readings the recommendations of Welch (1952) and APHA (1992) were 
followed. 
3.2.1 Physical Parameters: 
The colour of water was noted through naked eyes. 
Temperature of air and water were recorded with the help of a mercury 
thermometer graduated upto 100°C. 
The transparency of waterwas measured by using a standard Secchi disc 
which had a diameter of 20 cm and was divided into black and white 
quardrants. Tied to a graduated chord of suitable length, this disc was dipped 
in water down to the depth at which it became invisible to the naked eyes, and 
then it was lifted-up to the level where it became visible again. Both these depths 
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were noted. The average of these two values of depth was taken as the 
transparency value. 
Turbidity was determined with the help of a Spectronic-20 spectrophotometer 
(Bausch and Lomb) at 650 nm against dis t i l led water as blank with the 
readings recorded in percent t ransmit tance. 
The res idue left after the evaporation of a sample of 100 ml of unfiltered 
water was taken as the amount of total solids (TS) present in it.. 
The residue left after the evaporation of a sample of 100 ml of filtered water 
was taken as the amount of the total dissolved solids (TDS) present in it. The 
difference between these two values gave us the amount of total suspended 
sol ids (TSS) present in it. (TSS = TS-TDS) . Results were expressed in 
mg/L. 
Electrical conductivity (E.C.) whichisthe ability of a substance to conduct 
the electr ic current, and is caused by the presence of various ionic species, 
was measured with the help of a conductivity meter. It was expressed in 
p moh. 
3.2.2 CHEMICAL PARAMETERS: 
Potentia Hydrogenii (pH) of the water was determined with the help of 
a por tab le pen type digital pH meter. 
Carbon-dioxide (CO^) was determined by t i t rat ing a 100 ml sample of 
water with N/44 sodium hydroxide using phenolphthalein as indicator (APHA, 
1992). 
Alkalinity was estimated by titrating a 100 ml sample of water with O.IN 
hydrochlor ic acid using phenolphthalein and methyl orange as indicators 
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(Trivedy and Goel, 1984). 
Dissolved Oxygen (D.O.) was analysed by Winkler's modified technique 
(APHA, 1992). 
Chemical Oxygen Demand {COD), which is the measure of oxygen consumed 
during the oxidation of the oxidizable organic matter by a strong oxidizing 
agent ( Potassium dichromate in the presence of concentrated sulphuric 
acid), was determined by titrating the digested (oxidized) sample with 
O.OIN ferrous ammonium sulphate using 2-3 drops of ferroin as indicator. 
This analysis was done by following the dichromate reflux method (APHA, 1992). 
Biological Oxygen demand (BOD) which is the measure of degradable 
organic material present in a water sample, was determined according to 
the method given by APHA (1992). 
Hardness of water and the amount of calcium present in it were estimated 
by titrating the water sample, with O.IM EDTA solution using muroxide 
as indicator for hardness and Erichrome Black-T (EBT) as indicator for 
calcium. Chloride was estimated by titrating the sample of waster with 
0.025N silver nitrate solution using 5% potassium chromate solution as 
an indicator (APHA, 1992). 
Inorganic phosphorus (PO^-P) was estimated by the ammonium molybdate 
method using stannous chloride (Sn Clj) as an indicator (Trivedy and Goel, 
1984). 
Total phosphorus (T.P.) present in the water sample in dissolved or 
particulate form, was estimated after converting it to inorganic form (phsphate) 
through digestion (oxidation) of the sample using sulphuric acid-nitric acid 
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method (Trivedy and GoeL 1984). 
Ammonia -Nitrogen (NH3-N) was estimated by theNesselerization method 
as given in Barnes (1959). 
Nitrate-Nitrogen (NO3-N) was determined following the phenol disulfonic 
acid method given by Trivedy and Goel (1984). 
Nitrite-nitrogen (NOj-N) present in the surface water of the leachate 
reservoir was estimated by the method given for this purpose in Trivedy and 
Goel (1984). 
Silica content of the water was estimated by the Silicomolybdic acid 
method (Barnes, 1959). 
Heavy metals present in the water of the reservoir were analysed seasonally 
with the help of an Atomic Absorption Spectrophotometer (AAS) adopting 
the procedures laid down in APHA (1992). 
3.2.3 BIOLOGICAL PARAMETERS: 
For phytoplankton analysis, monthly water samples (500 ml) were 
collected from each station of the leachate reservoir. To each sample, 5ml 
of Lugol's iodine solution (Edmondson, 1959) was added. After keeping 
it for 24 hours the supernatfljit was discarded and a 20 ml concentrate was 
obtained. Qualitative and quantitative analyses of this concentrate were 
made with the help of an inverted microscope (Metzer). For the making 
qualitative analysis, information given in Edmondson (1959) and Needham 
and Needham (1962) was utilized, and for making quantitative analysis, countings 
were made by putting one drop of the concentrate (0.03 cc) on a Whipple 
micro-meter and observing the contents of that drop with the help of the inverted 
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microscope. The results were obtained by recording the number of organisms 
per ml of water following Welch (1952). In the case of the colony forming 
phytoplankton, like Microcystis (Anacystis), Coelosphoerium, Merismopedia, 
Anabaena and Nostoc, their colonies were counted. 
For zooplankton analysis , monthly samples were collected from each 
station. Every time 100 L of water from each station was filtered by passing 
it through a plankton net made of bolt ing silk cloth having mesh size of 
30 fxm, taking care that water was not disturbed much during the operation. 
Samples were then washed out into wide mouthed bottles and were preserved 
by adding 5% formaldehyde solution to them. Further analysis was done by 
putting a 1ml aliquot of the fixed sample on a Sedgewick-Rafter cell, and studying 
it under an inverted microscope (Metzer) . Counts were made for number of 
zooplankton per litre of water sample. Three repetitions of the above mentioned 
analysis of the fixed sample were made and their mean taken as the monthly 
count of zooplankton /L of water. For qualitative analysis, the information given 
in Edmondson (1959), Pennak (1978) & Tonapi (1980) was utilized. 
For most of the organisms encountered, the identification was made 
upto the generic level. But wherever possible the taxonomic evaluation of 
organisms was done upto species. 
Fish were also sampled in the reservoir . However, this sampling was 
done at irregular intervals. Identification of the fish fauna of the leachate 
reservoi r was done using Day (1878) and Talwar & Jhingran (1991). 
For the statistical analyses, the methods given in Michael (1984) 
were followed. 
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3.3 RESULTS AND DISCUSSION 
3.3.1 Physical Characteristics 
Colour: The colour of the water body depends on its optical characteristics. 
It is influenced by the selective transmission of light within the water, the contents 
of the suspended matter present in it e.g. effluents etc. which have come into 
it from different sources, and by the reflection from the sky. 
The colour of water varied from one station to another (Table 3.1). 
It was ashy black at S-1 owing to the inflow of fly-ash rich effluents from 
HTPP into the reservoir. At S-2, the station which is next downstream from 
S-1, the colour of water was muddy black. At S-3, the colour of water 
was muddy green except during monsoon months when it was muddy only. The 
muddy colour of water during monsoon months was the result of rain causing 
mud turbidity from the dykes of the reservoir. At station S-4, the colour of 
water was bluish white. This change in colour of water from S-1 to S-4 
was mainly the effect of clearing up of water due to settling of fly-ash during 
the movement of water in the reservoir. However, at S-3, the green colour 
of water could be due to the scattering of light taking place at the outer surface 
of Lemna organisms and phytoplankton. In agreement with Shastree et a/. (1991) 
it can be said here that the greenish colour of water at S-3 indicates its productive 
nature. On the other hand, blue colour of water at S-4 could be due to the false 
colour imparted to the surface of the water through the reflection of scattered 
light. In agreement with Shastree et al. (1991) who have reported that blue colour 
is the characteristic of very low oligotrophic water bodies, it can be said that 
the blue-colour of water at S-4 indicates the less productive nature of water 
at that station. 
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Temperature: In the aquatic ecosystem temperature plays an important 
role in governing the chemical and biological characterist ics of the water 
body. Besides affecting biogenic processes, temperature influences the 
level of distribution of dissolved gases and nutrients in the aquatic ecosystem 
(Welch, 1952; Hutchinson, 1975 and Goldman and Home, 1983). Temperature 
is also an important factor controlling various biological activities in many 
cold blooded aquatic organisms (Becker, 1973). 
A record of the monthly changes in both air as well as surface water 
temperatures is given in Table 3.02. These changes have been graphically 
illustrated in Fig.3.1. It was found that the seasonal changes in the thermal 
properties of the leachate reservoir closely followed the changes in air 
temperature (Fig.3.1). The minimum temperature of the air was found to be 
17°C which was recorded in December, 1995. The maximum air temperature 
(40.5°C) was recorded in the month of May, 1996. The temperature of the surface 
water of the reservoir was lowest (17°C) in the months of D e c , 95, Jan. '96, 
Dec. '96 and Jan. '97 at different stations. Maximum surface water temperature 
was recorded as 35.5°C during May '96 at S-1. The trend in surface water 
temperature at different stations was found to be S-1 > S-2 > S-3 > S-
4 (Fig. 3.1). 
Higher surface water temperature was recorded during summer months 
as water gets rapidly heated in the day time during summer. The surface 
temperature was low in winter months because the warming effect of the solar 
radiation over the water was low during this period. 
Because of the shallowness of the leachate reservoir , fluctuations 
in the temperature of water result in the formation of convect ive currents 
which lead to a complete turnover (Ruttner, 1963 and Haque, 1991), 
thereby ensuring better aeration ofwaterin the water body and continuous 
replenishment of the nutrient deficient upper layer of water with the nutrient 
rich lower layer. 
In the leachate reservoir a difference of 4°C in the temperature of water 
was observed between the station S-1, which receives effluents from the 
HTPP directly, and the station S-4, which is the farthest station from the 
source of entry of HTPP effluents into the reservoir. Neill and Magnuson 
(1974) observed a 6°C rise in temperature at lake Monoma, Wisconsin due 
to influence of heated effluents from a power plant. Department of Fisheries, 
Bangkok (Thailand) in 1983, mentioned in its report, a 5-8°C rise intemperature 
due to effluents from the Khanan Power plant. Unni e /a / . (1992) reported 
a 4°C increase in temperature under similar conditions. Srivastava et al. 
(1993) reported an increase in temperature of water in Riband River (India) 
at the place where it receives effluents from a coal-fired thermal power plant. 
Transparency : Transparency, the depth upto which light penetrates in a 
water body, can be used as a reliable indicator of productivity (Hutchinson, 
1975). 
Wide seasonal fluctuations were noted in the transparency values at 
all the foursampling stations (Table 3.02 and Fig. 3.2) The values varied 
from nil at S-1 throughout the period of invest igat ions to 98.0 cm at 
S-4 during Feb. , 1997. Nil values at S-1 were due to the presence of 
fly-ash in the effluents of the power plant. Mukherjee et al. (1986) and 
Banerjeeand Mukherjee (1990), also reported reduced euphotic zone of the 
entire ecosystem of Panchet Reservoir due to fly-ash released from thermal 
power plant. Gons and Grobbelaar (1992) have reported tbaTsuspended 
inorganic materials affecting underwater lighted environment. At S-2 also. 
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the fly-ash influenced the light condit ions. But at station S-3, ii was the 
persistent presence of Lemna organisms which hindered the penetration of 
light. Thus these organisms were responsible for low transparency values 
there. The highest values were noted at station S-4 mainly due to the fact 
that this s ta t ion is farthest from the place of entry of HTPP effluents into 
the reservoir. During the course of its flow in the reservoir by the time water 
reaches the s ta t ion S-4, its fly-ash content gradually gets settled down. 
Turbidity : Any material suspended or dissolved which finds its way into 
water cont r ibu tes to turbidity (Welch, 1952). 
Expressed in percent transmittance, the turbidity values in the leachate 
reservoir fluctuated seasonally from nil at station S-1 throughout the period 
of study to 85% T at S-4 during Jan., 1997 (Table 3.2) Turbidity values 
showed a trend similar to the trend shown by transparency values. For both 
turbidity and transparency values the trend was S-4 > S-2 > S-3 > S-1 (Table 
3.02). When analysed statistically the turbidity values & transperancy values as 
taken at S-2, S-3, and S-4 were found to be significant and positively correlated 
(Table 3.08). Haque (1991), Gaur (1994), and Gaur and Khan (1995) have 
also reported direct relationship between transparency (cm) and turbidity 
(%T). 
In the present investigation, fly-ash at stat ion S-1 and Lemna at 
S-3 were the major turbidity causing substances. Mukherjee et al. (1986) 
and Banerjee and Mukherjee (1990) have also reported high turbidity due 
to fly-ash discharge in Panchet reservoir , Bihar (India) (see p. 13). 
Total Sol ids (TS) : In any water body, total solids represent both total 
dissolved and total suspended solids. In the present study minimum quantities 
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of T.S. were noted during the winter months when the water is relatively 
undisturbed. For example, during this period TS were recorded as being 208.4 
mg/L in January, 1 996 at S-4. Maximum values of TS were recorded as being 
7685.20 mg/L at S-1 during the turbulent monsoon month, August , 1995 
[Table 3.03]. This increase in the amount of TS during the rainy season was 
mainly due to an increase in the suspended solids in the form of soil particles 
coming from the surrounding high dykes of the reservoir alongwith the 
surface runoff. 
Regarding spatial distribution in the reservoir, highest values of total 
sol ids were observed at S-1 and lowest at S-4 with the trend being S-1 
> S-3 > S-2 > S-4. The reason for their highest values at station S-1 was 
the greates t fly-ash turbidity at this station. At S-3, on the other hand, total 
solid values were mainly due to the presence of blooming Lemna organisms. 
Their least values recorded at S-4 were due to the relatively meagre presence 
of suspended and dissolved solids at this stat ion as was also revealed by 
the occurrence of clear water at this s tat ion. 
Total Suspended Solids (TSS) : It includes the substances which impart 
tu rb id i ty to the water thereby reducing transparency. In water bodies 
rece iv ing effluents from coal-fired thermal power plants, fly-ash is the 
major source of turbidity. Hence, the estimation of TSS in such water bodies 
is necessary. 
An appreciable variation in the concentration of TSS at different stations 
as well as between stations of the leachate reservoir was recorded. It was 
found to range between 7169.02 to 7449.80 mg/L at S-1, 1925.6 to 2742.2 
mg/L at S-2, 2397.90 to 2498.0 mg/L at S-3 and 102.76 to 178.50 mg/ 
L at S-4. Lowest concentration of TSS was noted at S-4 during March, 
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1 995 while highest concentration was recorded at S-1 during August , 1 996. 
At s ta t ions S-1 and S-2. fly-ash was the major constituent of TSS because 
at S-1 fly-ash rich effluent from HTPP entered the reservoir and S-2 was the 
next station downstream lying close to S-l.Pervez and Pandey (1994) reported 
s imilar effect of discharge of effluent of thermal power plant on TSS in Husdo 
river, India. 
Regarding the temporal variation, low values of TSS during March 1995 
and January 1996 were due to relatively calm conditions prevailing over the 
water body during these months. High value of TSS recorded during August, 
1996 was due to both turbulence due to rains and the inflow of soil par t ic les 
along with the surface runoff. 
Total Dissolved Solids (TDS) : In the inland water bodies, the TDS, which 
include different kinds of nutrients and.minerals, make a useful parameter 
in determining the productivity of ponds and lakes (Reid, 1961, Hutchinson, 
1975, Wetzel, 1975 and Basheer, 1991). According to Vollenweider (1969), 
TDS probably bear the same relation to nutrient loading as s tanding crop 
of f ishes bears to actual fish product ion. Kemp (1971) has stated that in 
the classification of waters regarding their productivity the amount of TDS present 
in them is of greater importance than their chemical composi t ion. 
The dissolved solids are usually the result of solvent action of water 
on both inorganic as well as organic solids. The inorganic substances include 
metals and minerals etc. while the organic dissolved const i tuents are the 
product of the decay and decomposition of the bodies of plants and animals as 
well as their exudates and refuse etc. 
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Results of the work doiu on IDS arc shown in Table 3.03 Lowest 
value of TDS (35.90 mg/L), was recorded in June, 1996 at S-4. This was 
due to the utilization of various nutrients and ions by phytoplankton in their growth 
and proliferation. Utilization of TDS by phytoplankton has been reported by 
Welch (1952), Vaccare (1965), Goldman (1965), Hutchinson (1975), Goldman 
and Home (1983) and Haque (1991). Highest value of TDS (296.2 mg/L ) 
was recorded in June 1996. This record was made at S-1 (Table 3.03). High 
values of TDS at S-1 in June can be explained due to non utilization of TDS 
at this station because, here at S-1, no green aquatic organism could be detected 
which could utilize it. In addition to this it can also be due to concentration of 
TDS due to evaporation of water. Sams et al. (1978) have reported 3-7 fold 
increase in concentration of dissolved solids in a cooling reservoir due to 
evaporation. 
Computed for S-2, S-3 and S-4, TDS concentration and phytoplankton 
density were found to be negatively correlated, with correlation being significant 
at p < 0.05 level: (at S-2, r - -0.86; at S-3, r = -0.80; and S-4, r= -0.68) 
(Table 3.08). Khan et al. (1978) and Basheer (1991) have also reported 
negative corelation between phytoplankton and TDS. Relatively high TDS values 
at S-1 were probably due to the entry of TDS into the reservoir at that 
place alongwith the effluents from HTPP. Price and Keating (1991) reported 
elevated levels of dissolved solids in a coal fly-ash depository in Maryland. 
Pervez and Pandey (1994) have also reported an abrupt increase in TDS 
values in Husdo river water at the point of entry of the effluents from a 
thermal power plant. 
Electricat Conductivity [E.C.] : Conductivity of the water reflects the 
amount of dissolved solutes present in it. Therefore, it is also an index of 
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total dissolved solids (Srcenivasan. 1964a). It has also been reported to 
be directly related to biological productivity (Rawson 1 951, Welch, 1952; 
Khan et al., 1978 and Haque, 1991). Freshwater bodies in their natural 
state have very low conductivity values. The higher values of conductivity are 
associated with pollution (Trivedy et al. 1985). In view of the relationship 
existing between the E.C. of water and the amount of dissolved solutes present 
in it, the conductivity of water from the leachate reservoir was studied. 
In their temporal and spatial variation noted at various stations in the 
reservoir, E.C. values showed a trend similar to that observed for T.D.S. [Fig. 
3.2]. The E.C. values of reservoir water varied between 117|^ moh noted at 
S-4 during June, 1996 and 294^ moh noted at S-1 during June, 1996 (Table 
3.03). The relatively low conductivity noted at S-4 may be due to the higher 
consumption ofTDS by the phytoplankton present there. It is important to note 
that at S-3 where highest concentration of TDS consuming chlorophyll bearing 
organism like phytoplankton and L. minor has been recorded, E.C. values were 
found to be higher than those recorded at S-4. This is because of the fact 
that various dissolved substances (nutrients etc.) are continuously released 
into the aquatic medium due to the death and decomposit ion of Lemna & 
other aquatic organisms. The relatively high values of E.C. at S-1 were 
mainly due to the entry of effluents at that place in the reservoir. Zdanowski 
el al. (1988) have also reported high E.C. due to high concentrat ion of 
electrolytic salts as a result of long changes in habitat condition and trophic 
abundance in Konin lake (Poland) under the influence of power plant 
discharge. 
A significant positive correlation was noted between E.C. and TDS at all 
the four stations (Table 3.08). Regression of TDS on E.C. gave a straight line 
relationship (Fig. 3.8). 
3.3.2 CHEMICAL CHARACTERISTICS: 
Potentia Hydrogemi(pH): It is known to be of great importance in understanding 
the chemical condition of a water body. 
During the present investigation, pH of the surface water was always 
found to be alkaline. Among the four stations, pH of surface water at station 
S-1 varied from a minimum of 7.4 during April, 1995 to a miximum of 8.7 
during June & July, 1996. At station S-2, it ranged from a minimum of 
7.3 (April and D e c , 1995) to a maximum of 8.3 (June, 1996). At S-3, 
it varied from 7.2 ( D e c , 1995) to 8.4 (June, 1996). At S-4, itrangedfrom 
a minimum of 7.1 during D e c , '95, Jan., Oct and Nov., '96 to a maximum 
of 8.6 during May, 1995. As for the entire reservoir, it can be said that the 
values of pH ranged from 7.1 to 8.7. At all the stations, higher values of 
pH were recorded during the summer months while lower values were usually 
recorded during the winter months (exception being S-4 where minimum values 
of pH were recorded during Oct. and Nov. '96) (Table 3.04). Zdanowski et 
ai. (1988) have reported permanent alkaline condit ion of water resulting 
from the discharge of power plant in the Konin lake (Poland) . 
Increase in alkalinity and thus the highest values of pH of water at station 
S-1 may be attributed to inflow of fly-ash discharge alongwith other effluents 
from HTPP at that place. The fly-ash discharge from a power plant is known 
to have alkaline nature (Mortens^ 1971; Moliner and Street, 1982, and 
Gaur and Khan, 1993a). Srivastava et al. ( 1993) have reported an 
increase in pH of water in Riband river (India) at the place where it receives 
effluents from a coal-fired Thermal Power Plant Pervez and Pandey (1994) 
have also reported abrupt increase in pH of Husdo river water (India) 
at the place where the effluents from ash pond merge with the river water. 
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At station S-4, the higher \alues of pH may be attributed to the photosynthetic 
activity of the phytoplankton, whereas at S-3, the higher pH may be due 
to the photosynthetic activity of both phytoplankton and Lemna organisms. 
Free Carbon-dioxide (Free COj) : Carbon-dioxide (COj) present in the 
environment gives an opportunity to both plants and phytoplankton to 
synthesize their food. As a by-product of this process, however, oxygen is also 
produced which is the basic need of all the organisms. 
Temporal and spatial distribution of free COj in the water of the 
leachate reservoir is given in Table 3.04. The values of free CO^ ranged 
from 0.4 mg/L to 33.0 mg/L during different periods of invest igat ion and 
at different s ta t ions. Highest value was recorded at s tat ion, S-1 while 
lowest value was observed at S-4 (Table 3.04). The values of COj at S-1 
ranged between 0.88 mg/L (July, 1996) to 33.0 mg/L (Apri l , 1995); at 
station S-2, between 0.40 mg/L (July, 1996) to 26.4 mg/L (Apri l , 1995); 
at station S-3, between 0.80 mg/L (June, 1996) to 21.64 mg/L (May, 1995) 
and at station S-4 between 0.40 mg/L (July, 1995) to 8.91 mg/L (March, 
1995). 
In the leachate reservoir, the presence of COj can be attributed to various 
sources like the atmosphere, the incoming effluents, the respiratory activity 
of organisms living in water and the decomposition of organic matter present 
in the sediments. In the present investigations, availability of free COj was 
found to be of both allochthonous and autochthonous types i.e. through the 
effluents of HTPP and from the environment itself. At stat ion S-3, the 
decomposition of Lemna organisms by microbes appears to be responsible 
for the higher values of free COj . It is important to note here that presence 
of COj was recorded even when pH values were greater than 8.3 at different 
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stations during certain months (Table 3.04). The reason for this may be 
assigned to the entry of free CO2 in the leachate reservoir in large quantities 
alongwith the effluents from HTPP. 
The observed high values of free COj during summer months (Table 
3.04) may be due to the increase in the decomposition of organic matter 
at higher tempera ture . Vyas (1994) has also reported similar findings. 
Increase in free COj during monsoon months may be attributed to carbonic 
acid coming in with the rain water (Haque, 1991). 
Alkalinity : Results regarding the analysis of alkalinity of water in the leachate 
reservoir are tabulated in Table 3.04. Phenolphthalein alkalinity was always 
found to be absent in the surface water of the leachate reservoir. Therefore, 
the total alkalinity in the reservoir was mainly due to the bicarbonate ions. 
Higher bicarbonate values imply a large reserve of total COj which reflects 
an adequate supply of inorganic carbon. 
The values of total alkalinity varied from a minimum of 32 mg/L noted 
at S-4inNov. , 1996 to a maximum of 145 mg/L noted at S-1 in June, 1995. 
High alkalinity value at S-1 may be attributed to the higher amount of fly-
ash which was present at that place due to the release of discharge from HTPP. 
Fly-ash has been described as being alkaline in nature by Mortimer (1971) 
and Moliner and Street (1982). Zdanowski et al. (1988) have also reported 
the maintenance of permanent alkaline condition as a result of the influence 
of heated water discharge and other pollutants in the Konin lake (Poland). 
Contrary to this, however, Unni et al. (1992) have reported reduction in total 
alkalinity values due to impact of fly-ash from Koradi Thermal Power Plant, 
India. 
At station S-3. fairly high alkalinity values (Table 3.04) were recorded. 
This increase in alkalinity may be attributed to the decomposition of organic 
matter found in abundance in the form of dead Lemna fronds at this station. 
This also supports the findings of Sawyer and McCarty (1 987). 
The pattern of its seasonal variation is such that alkalinity shows high 
values during warm months and relatively low values during cold months 
(Table3.04). Variations in alkalinity were mainly due to variations in microbial 
activity with temperature such that the microbial decomposition of organic 
matter was high at high temperature resulting in the production of gases like 
COj, which contribute to increase in alkalinity, whereas reduced microbial 
activity at low temperature was responsible for reduced alkalinity as well. This 
phenomenon of change in alkalinity with temperature was also reported by 
Sawyer and McCarty (1987). 
Dissolved Oxygen (D.O.): Oxygen is one of the most important parameters 
in the assessment of water quality. It influences the life of aquatic organisms 
as well and is of prime importance inmany biological events. It also provides 
a measure for photosynthetic production, decomposition and respiration. 
Monthly dissolved oxygen (D.O) contents in the surface water of the 
leachate reservoir showed maximum variations at S-3, with the values being 
1.3 mg/LinMay 1995 and 6.5 mg/L in Oct., 1995 (Table 3.05). Compared 
to all other stations, highest D.O values were recorded at station S-4 (Table 
3.05). This corresponds to highest transparency recorded in water present at 
this station compared to water present at S-1, S-2 and S-3, resulting in 
increased production of photosynthetic oxygen here accompanied by its low 
consumption. At S-4, significant positive correlation was found between D.O. 
and transparency (r == +0.67, p < 0.05). Low values of D.O. at stations S-
2 and S-3 correspond to reduced transparency at both these stations. At 
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station S-2 it was due to fly-ash turbidity which causes inhibition in photosynthctic 
oxygen production, whereas at station S-3, the turbidity caused by the year 
round bloom of Lemna minor resulted in low production of oxygen in the 
water below the bloom formed by the Lemna organism. Moreover , use of 
large amount of oxygen during decomposition of dead and decaying green 
aquatic organisms and other bottom sediments may also result in the depletion 
of oxygen content at S-3. Station S-1, where no green aquat ic organisms 
were found to occur during this study and where warm fly-ash containing water 
is received from HTPP, showed fairly high D.O. values (Table 3.05). Becker 
(1974) has reported increased oxygen level in that water which is passed 
through a cooling system and is finally discharged in the form of effluents. 
However, Srivastava et al. (1993) reported decrease in the D.O. content 
of the water in Riband river due to discharge of effluents from a coal-fired 
power plant into it. 
The present finding of high D.O.level at station S-1, may be explained 
as being due to the turbulence caused by the falling of eff luents into the 
reservoir through the inlet pipe which leads to the diffusion of environmental 
oxygeninto water. Sharma (1997) has also reported increase in D.O. level 
due to turbulence. In the present study, the rain induced turbulence has been 
found to bring about the increase in D.O. levels during monsoon months. This 
is in agreement with the findings of Singhal (1991) who also reported maximum 
D.O. during the rainy season. 
Biological Oxygen Demand (BOD) : BOD value, a measure of organic waste 
strength, is useful in evaluating the self-purification capacity of water bodies. 
With its help the quality of biological degradable wastes assimilated by the water 
body can be assessed. According to Sawyer and McCarty (1987) , BOD 
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is a wet oxidation procedure in which living organisms serve as a medium 
for the oxidation of the organic matter to carbon-dioxide and water. 
Monthly variations in the BOD values ofwater in the leachate reservoir 
are given in Table 3.05. Highest BOD value, 2.80 mg/L was recorded for 
station S-3 during June, 1995 while lowest value (0.86 mg/L) was recorded 
for S-1 during the month of December, 1995. Compared to all other stations, 
high values of BOD, recorded at S-3 were due to a large amount of the 
accumulated organic matter present there in the form of decayed Lemna 
minor fronds. The comparatively low BOD values recorded at S-1 were found 
to be due to the relatively high amount of fly-ash present there and very little 
or no organic matter found at that station (Table 4.02 under Chapter-4). 
The BOD values showed a seasonal variation with high values recorded 
during the summer and monsoon months and low values recorded during the 
winter months. It was found to be the case at all the four sampl ing stations. 
High values recorded during summer months were due to an increase in the 
rate of decomposit ion of organic matter at high temperature (Subramaniam 
and Thomas, 1993). To show the influence ofwater temperature on the decomposition 
rate of organic matter, correlation analysis was made between BOD values and 
surface water temperature. A significant positive correlation, at p < 0.05, was 
obtained at S-1, S-2and S-3 (Table 3.08). This indicates that the decomposition 
of organic matter increases at high temperature and decrease at low temperature. 
During monsoon months the rain caused death of plankton (Welch, 1952; 
Chakrabarty et al., 1959 and Gaur, 1994) whose decomposition at the bottom 
of the reservoir was found to be responsible for the high values of BOD 
during those months. The low values of BOD, recorded as 0.06 mg/L during 
winter ( D e c , 1995) at S-l, may be attributed to decreased autochthonous 
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input of organic matter and slow decomposition of organic matter at low 
temperature. Welch (1952). Hutchinson (1975a), Goldman and Home (1 983) 
and Haque (1991) have also reported increased decomposition 
of organic matter at high temperature and decreased decomposition at low 
temperature. 
Chemical Oxygen Demand (COD): This parameter is extensively used in 
the analysis of industr ia l wastes. COD test is helpful in indicating toxic 
conditions and the presence of biologically resistant organic substances 
in water. 
The present study revealed a trend of COD which was similar to that 
of BOD (Fig. 3.1). The values of COD were found to fluctuate from 
12.0 mg/L during Feb., 1997 at S-4 to 33.0 mg/L during October, 1996 
at S-1. (Table 3.05 ). Higher values of COD at S-1 were probably due 
to the presence of certain chemicals in the effluents being released from 
HTPP into the reservoir at a place very close to upstream from this station. 
Lower values of COD at station S-4 may be attributed to the fact that it is 
located at a place which is farthest from the place of entry of effluents into 
the reservoir and, therefore, most of the suspended chemical substances 
present in the HTPP effluents and fly-ash get settled by the time water reaches 
S-4 from S-1. 
Calcium : It is always present in ionic form in natural waters . Calcium has 
been recognised as an essential micro-nutrient for green algae and as a 
macro-nutrient for blue-green algae (Goldman, 1965). Hutchinson (1975) 
considered it essential for increasing productivity. 
Calcium concentration in the leachate reservoir ranged from a minimum 
of 14.6 mg/L in Aug., 1995 at S-4, to a maximum of 34.47 mg/L in May, 
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1996 at S-1 (Table 3.06). Calcium values were found to be high during 
summer and low during monsoon months (Table-3.6). Its high values noted 
during summer months may be through the evaporation of water that causes 
an increased concentration of ions per litre of water. The liberation of 
calcium due to decomposition of dead & decaying Lemna fronds is considered 
here to account for its high values at S-3 during summer. The reason for 
the values of calcium being highest of all the four stations at station S-
1 may be attributed to its entry in the reservoir alongwith fly-ash rich 
effluents from HTPP at that place. Price and Keating (1991) and Raju (1993) 
have also reported higher values of calcium in the fly-ash containing 
effluents from a thermal power plant. In the present study, rains during 
monsoon months were found here to be responsible for the low values of 
calcium owing to the dilution of water. Similar findings have also been reported 
by Haque (1991) and Gaur (1994) in their studies on tropical ponds of 
Aligarh,U.P. (India). 
Chacko and Ganapati (1949) have stated that a minimum of 650mg/L of 
calcium is essential for good plankton production. Since the figure of minimum 
amount of calcium given by them is much higher than even the maximum value 
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of calcium noted in the present study (Table 3.06), it can be infe(|red that the 
water present in the leachate reservoir is of less productive nature. 
Chloride : This ion which is found present in water is necessary for the growth 
of plankton (Hutchinson, 1975b and Wetzel, 1975). Its concentration, like 
the concentration of calcium ion, showed distinct temporal and spatial 
variations (Table 3.06). Their maximum values were recorded as 
23.2mg/L during May, 1996 at S-1 and minimum values were recorded as 
9.0mg/L during monsoon months of 1996 at S-4. The main source of 
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chlorideionsinthereservoirunder study being the fly-ash rich effluents from 
HTPP. Price and Keating (1991) have also reported elevated chloride levels 
due to fly-ash leachate. Durrette and Pearson (1975) have attributed the 
presence of chloride ions in the channel carrying effluent from a steam 
electric generating station to the treatment of water in the power plant for 
the purpose of killing algal growth in condensers. Generally, low values of 
chloride ions were recorded at station S-4. 
High values of chloride recorded during summer (Table 3.06) may be 
due to the evaporation of water at high temperature leading to their concentration. 
Lower values of chlorides recorded during monsoon were due to dilution 
effect. 
Hardness : It is mainly caused by calcium and magnesium present in the 
water body. At stat ion S-1, the values of hardness noted during this study 
were found to range between 70mg/L in Aug., 1995 to 136 mg/L in May, 
1995. At S-2 the values ranged from 57 mg/L in July, 1995 to 130 mg/L 
in May, 1995 and Feb. , 1996. At S-3, they were 62 mg/L in Aug., 1996 
and 133 mg/L in May, 1996. At station S-4, the values of hardness were 
found to vary between 54 mg/L in July, 1996 to 124mg/L in May, 1996. 
Temporal ly , higher values of hardness were recorded during the 
summer months at all the stations (Table 3.06). This may be due to concentration 
effect of hardness causing ions as a result of evaporation of water at high 
temperature. Prasad et al. (1985) and Haque (1991) have also reported 
high values of hardness during summer. Contrary to the above mentioned 
findings, Swaroop and Singh (1979), Saha and Pandit (1985) , Gaur (1994) 
and Gaur and Khan (1995) have shown the increase in hardness during 
winter months. The observed decrease in hardness during monsoon months 
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(Table 3.06) may be attributed to dilution of reservoir water by rain as 
also reported by Basheer (1991) Gaur (1994) and Gaur and Khan (1995). 
Taking the entire reservoir into consideration, lowest value of calcium 
hardness was recorded as being 54 mg/L at S-4 in July, 1996 and its highest 
value was 136 mg/L at S-1 in May, 1996 (Table 3.06). Highest value of 
hardness as noted at station S-1 may be due to the merger of HTPP 
effluents with the water in the reservoir. Hillbricht - Iliko wka and Zdanowski 
(1988) have reported an increase in hardness in Konin lake (Poland) caused 
by power plant effluents. Unni et al. (1992) have also reported an increase 
in hardness due to the ash-effluent. Lowest value of hardness as recorded 
at S-4 may be attributed to the long distance of this stat ion from the point 
of entry of effluents into the reservoir. 
Nitrogen : It is a highly mobile nutrient and has a complex nutrient cycle in 
terrestial and aquatic ecosystems (Kumar, 1977). In the aquatic environment 
nitrogen is derived primarily from sources other than the atmospheric nitrogen. 
Nitrogen is a constituent of proteins, chlorophyll and other biological compounds 
which, in turn, make the building materials of bodies of various organisms. It 
is, therefore, released when these organisms are subjected to decomposition after 
their death. Nitrogen in the aquatic environment occurs as nitrate-nitrogen (NO3-
N), nitrite-nitrogen (NOj-N) and ammonia-nitrogen (NH3-N). 
Nitrate Nitrogen (NO3-N), which represents the highest oxidized 
form of ni trogen, is considered to be one of the most impor tant limiting 
factors in the development of phytoplankton. It is required as a nutritive 
substance necessary for the production of chlorophyll (Welch, 1952; Wetzel, 
1975; Goldman and Home, 1983), 
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Nitralc-N content in the surface water of the leachate reservoir 
showed both spatial and temporal variations (Table 3.07 and Fig. 3.3 ). Its 
concentra t ion was high during monsoon months and low during summer 
months at all the four stations. The values of NO3-N in the water of the 
leachate reservoir ranged between 0.03 mg/L (Oct., 1996) to 0.25 mg/L 
(Apri l , 1995) at station S-I; between 0.02 mg/L in summer (April and May) 
and winter (Nov. and Dec.) of 1996 to 0.31 mg/L in Aug., 1995 at s tat ion 
S-2; between 0.07 mg/L in May, 1995 to 1. 64 mg/L in Aug. , 1995 at 
s tat ion S-3; and between 0.18 mg/L during May, 1996 to 0.94 mg/L in Sep., 
1995 at S-4 (Table 3.07). 
The minimum concentration of NO3-N at S-4 was due to its utilization 
by phytoplankton. An statistical analysis showed a significant negative correlation 
between Nitrate-Nitrogen and Phytoplankton population at S-4 (r 
= -0.61, p < 0.05). Vaccare (1965) also reported its utilization by phytoplankton 
and certain bacteria for primary production. Compared to other stations, 
highest concentration of NO3-N at S-3 was probably due to its release 
from the sediments as a result of the decomposition of dead and decaying 
Lemna fronds at the bottom of the reservoir. 
In the present study, a decreasing trend in the values of NO3-N was noted 
at the stations S-2, S-3 and S-4, between M^rch and May in both 1995 as well 
as 1996 (Fig. 3.3). This was mainly due to the u^ization of NO3-N by phytoplankton 
for their development and growth (Welch, 1952). It can be mentioned here that 
a marked increase in the density of phytoplankton has been observed at these 
stations during summer (Table 3.09 to 3.11). A signficant negative correlation, 
noted between NO3-N and phytoplankton density at S-2 (r= -0.98, p < 0.05) 
and S-4 (r = -0.61, p < 0.05), lends support to the present observations. Weak 
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negative correlation computed between these two variables at S-3 (r = -0.27, 
p > 0.05) can be due to the high amount of NO3-N released there as a result 
of the decomposition of dead green aquatic organism, mainly L. minor. At S-
1 no distinct trend of change in the values of NO3-N could be observed (Table 
3.07). However, var ia t ions in NO3-N values noted there could be due to the 
effect of effluents from HTPP and other environmental conditions. Compared 
to other stations, S-1 showed lowest values of NO3-N. This may be due to 
the discharge of effluents from HTPP into the reservoir at that place. Sri vastava 
et al. (1993) have also reported decreased NO3-N in Riband river (India) 
due to the effluents discharged in it by a coal-fired thermal power plant. 
High concentrat ion of NO3-N inmonsoon months, may be attributed 
to its entry in the reservoir through surface run-off and also due to rain 
because the presence of ni trogenous compounds in rain is well known 
(Hutchinson, 1975). Sylvester (1961) stated that NO3-N moves rapidly 
through the soil with drainage water and is influenced mainly by biological 
factors. 
There is no mineral source of Nitrite-nitrogen (NOj-N) in water. It 
represents an intermediate form during nitrification reactions in nitrogen 
cycle. It is a very unstable ion and gets converted into either ammonia or 
nitrate depending upon the chemical and biological conditions prevailing 
in water. 
Regarding spatial distribution of nitrite-nitrogen in the leachate 
reservoir, station S-3 showed higher values of NOj-N (Table 3.07). At this 
station it is supplied mainly through the process of nitrification carried out 
by the action of certain nitrifying bacteria ( Nitrobacter, Nitrococcus and 
NitrocystJs) on ammonia which is released during the decomposition of 
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green aquatic organisms like phytoplankton and Lemna fronds which thrive 
here. Lowest values of NOj-N were recorded at S-1 which might be due 
to the presence of very lit t le amount of nitrogen present in the fly-ash 
(Sharma et al., 1997). 
Findings of various scientists regarding NOj-N concentration in the water 
bodies which receive effluents from power plants are not consistent. 
Unni et al. (1992) have reported low nitri te-N values in a water body 
receiving thermal power effluents. Dojlido (1977) found an increase in nitrite 
concentration in Vistula river (Poland) under the influence of thermal discharge. 
On the other hand Grant and Berkowitz (1979) have repor ted complete 
absence of ni tr i te in the water bodies in the vicini ty of power generating 
stations. 
NOj-N concentra t ion was found to be highest during the monsoon 
months at all the stat ions (Table 3.07). This may be due to its entry into 
the reservoir through rains and surface run-off as also through conversion 
of NH3-N into NO2-N. Its low values during summermonths (Table 3.07) 
may be attributed to two factors, utilization of NOj-N by the green aquatic 
organisms as a ni t rogen source (Wetzel, 1975), and its conversion into 
NO3-N by the action of certain nitrifying bacteria like Nitrosomonas. The 
utilization of NOj-N by green aquatic organisms is evident from the significant 
negative correlation found between phytoplankton density and NO2-N at station 
S-3 and S-4 (Table 3.08). 
Ammonia-Nitrogen (NH3-N) provides a source of recycled nitrogen 
for speedy growth of phytoplankton and large aquat ic p lants when other 
forms of nitrogen are exhausted (Goldman and H o m e , 1983). It is found 
in a water body mainly as a result of the aramonification of organic matter 
present in it. 
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Spatial and temporal variations in the amount of NH3-N noted in the 
surface waters of the leachate reservoir aregiven in Table 3.07 and illustrated 
in Fig. 3.1. At all the stations low values of NH3-N were recorded during winter 
and monsoon months while high values were noted during summer (Fig. 3.1). 
Low values of NH^-N during monsoon months may be at t r ibuted to the 
dilution of reservoir water due to rains and its low values during winter were 
probably due to decrease in the rate of ammonification of organic matter 
at low temperature. While the increased levels of NH^-N during summer 
were due to increased rate of ammonification under the influence of high 
temperature (Fig.3.1). Similar observations regarding the levels of NH3-N 
during summer have been recorded by Seenayya (1971) and Haque (1991) 
in their studies. 
Regarding spatial variat ions in the values of NH3-N (Table) , its 
lowest concentration was noted at station S-1 (O.IO^IO' mg/L during 
August, 1995) and highest at S-3 (48.62x10'^ mg/L during May, 1995). Low 
values of NH3-N at S-1 may be attributed firstly to the low contents of 
nitrogenous substances in the effluents from HTPP and secondly to low contents 
of organic matter at this station (Table3.07). Grant and Berkowitz (1979) 
andUnni et al. (1992) have also reported I0WNH3-N in the effluents from 
Thermal Power Stations. For relatively high values of NH3-N, noted at 
station S-3, decomposition of organic nitrogenous substances contributed 
at this station in the form of dead Lemna fronds and phytoplankton was found 
to be responsible. Hutchinson (1941), Pennak (1955) and Haque (1991) 
have held the release of nitrogen from soil colloids, the decomposit ion of 
organic matter and theconversion of insoluble into soluble salts as factors 
responsible for the rise in the values of NH^-N in freshwater bodies. 
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According to Ellis ct al. (1 964). unmodified natural waters contain 
very little amount of ammonia and ammonium compounds (less than 0.1 
mg/L). Reid (1961) has reported that these substances when present in 
quantitites more than 1.0 mg/L are indicative of organic pollution. In the 
reservoir studied here, the values of NH3-N were found to be much lower 
than those reported for unmodified natural waters by Ellis et al. (1964). Thus 
indicating that the water present in this leachate reservoir is in low productive 
state. 
Phosphorus : Phosphorus, though needed in small amount for the growth of 
plankton, is one of the highly immobile nutrients. It is a critical limiting 
factor for biological productivity of water (Welch, 1952, Hutchinson, 1967 
and Goldman and Home, 1983). In natural freshwaters, it mainly occurs 
in inorganic form. But, being an important constitutent of biological systems, 
it also exists in organic form. Occurrence and abundance of inorganic form 
ofphophorus, depends mainly on geo-chemical conditions of the water body. 
The main sources of phosphorus in the aquatic environment are domestic 
and animal wastes, surface run-off and decomposition products of green 
aquatic organisms. 
Phosphate-phosphorus (PO^-P) concentration in the surface water 
of the HTPP reservoir varied such that while it was found to be below the 
detection level (BDL) at station S-4 during Nov., 1995 and May, 1996, it 
was recorded to a maximum of 1.00 mg/L at S-3 in June, 1995 (Table 3.07). 
Its values showed distinct spatial and temporal variations. Khan (1969), 
Haque (1991), Gaur, (1994) and Gaur and Khan (1995) have already 
reported clear spatial and temporal distribution in PO^-P values during their 
investigations in certain freshwater ponds. On the other hand, Gallup and 
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Hickman (1975) have reported lack of distinct seasonal t rends in their 
studies on lake Wabanum, Alberta (Canada) receiving effluents from a 
power station. 
Station S-3 yielded highest value of phosphorus fol lowed by S-1, S-
2 and S-4. Its highest value at S-3 may be because of its re lease during 
decomposition of organic matter chiefly comprising dead Lemna fronds and 
plankton organisms. To support this opinion a significant positive correlation 
(r = +0 .51 , p<0.05) was noted between phytoplanktonic biomass and 
PO4-P at station S-3 (Table 3.08). Haque (1991) and Kushov (1995) have 
stated that PO^-P is released from the dead plankton and benthos by the 
putrifaction activity of bacteria. Occurrence of PO^-P at S-1 at a level higher 
than that noted for S-2 and S-4 may be due to its presence in fly-ash (Sharma 
et al., 1997). Unni et al. (1992) have also observed an increase in phosphate-
phosphorus content of a water body receiving fly-ash effluents from Koradi 
Thermal Power Plant, India. Contrary to this, however, Gallup and Hickman 
(1975), Sams et al. (1978), Zdanowski et al. (1988) and Srivastava et 
al. (1993) have reported lower abundance of phosphorus in water bodies 
receiving effluents from thermal power plants. 
Compared to S-1, S-2 and S-3, the lowest value of PO^-P recorded 
at S-4 was due to its uti l ization by phytoplankton. As could be expected 
at S-4, a significant negative correlation (r = - 0 . 5 1 , p<0.05) existed 
between phytoplankton biomass and PO^-P (Table 3.08). Welch (1952), 
Hutchinson (1975) and Goldman and Home (1983) have also reported the 
requirement of PO^-P during the growth of phytoplankton and other green 
aquatic plants. 
It is important to note that the PO4-P concentra t ions , recorded in 
the reservoir associated with HTPP, were generally low as compared to its 
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concentrations recorded in other tropical water bodies of Aligarh region by 
Khan (1969), Basheer (1991), Haque (1991)and Gaur (1994). Such low 
values of PO4-P for the reservoir again suggest that it is in a low productive 
state. 
In the present study, Total Phosphorus (T.P.) values varied from a 
minimum of 0.12 mg/L during Sep., 1995 at S-2 and May 1996 at S-4 to a 
maximum of 1.92 mg/L during June 1995 at S-3 (Table 3.07). Itwas noted 
here that stat ion S-1 has almost similar values for both T.P. and for 
PO^-P due to complete absence of aquatic organisms at this station. 
Consequently, organic phosphorus was found to be absent at this station. 
Relatively high values of T.P., recorded at S-3, may be attributed to the 
decomposition of fronds of persisting L. minor. Similar explanation for higher 
values of T.P. has also been given by Haque (1991) and Subramaniam and Thomas 
(1993). The significant negative correlation foundbetweenT.P.andphytoplankton 
biomass at s ta t ions S-2 & S-4 (Table ) may be due to the uti l ization of 
phosphorus by phytoplankton population present there. Philips (1964) 
experimentally demonstrated that phosphorus added into water disappeared 
within a few days followed by high production of phytoplankton. Gaur (1994) 
and Gaur and Khan (1995) have reported the utilization of phosphorus by 
myxophycean phytoplankton and observed significant negative correlation 
between these two variables. Contrary to these findings, however, Trivedy 
et al. (1985) have reported positive relationship between phosphorus 
and phytoplankton. 
Silica : It occurs in moderate quantities in freshwaters. Its significance 
as a major nutrient for diatoms is well known. It usually occurs as orthosilicate 
in anundissociated condition (Hutchinson, 1975) and also as colloidal silica 
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(Welch, 1952). These silicates enter the aquatic environment through drainage 
and surface run-off and react therewith carbon-dioxide to produce silica 
(Hutchinson, 1975). The main source of silica in the leachate reservoir 
associated with the HTPP is fly-ash which enters into the reservoir alongwith 
other effluents from the power plant. Gallup and Hickman (1975) and Ramu 
et al. (1992) have also considered fly-ash as being the source of silica 
in the water bodies receiving effluents from the thermal power plants. 
Jambers and Van Grieken (1997) have referred to fly-ash as being anthropogenic 
aluminosilicate. 
In the present study, silica concentration was found to vary between 
43 ^ig atom Si/L at S-4 in October, 1996 to a 424 ^g atom Si/L at 
S-1 in July 1995 (Table 3.07). Its highest value at station S-1 may be 
attr ibuted to its large amounts entering there alongwith the fly-ash. It is well 
known that power plant effluents contribute large amount of silica into a 
reservoir in the form of fly-ash (Gallup and Hickman, 1974). Lowest value 
of silica was recorded at S-4. This could be due to the utilization of silica by 
diatoms present there as is shown by the significant negative correlation found 
between diatom density and the amount of silica present in water at S-4 (Table 
3.08). In addition to this reason, however, it could be due to the fact that 
S-4 being located farthest from the point of entry of effluents from HTPP into 
the leachate reservoir, a large amount of silica already gets settled down by the 
time the inflowing water reaches this station. 
Regarding the temporal distribution of Si, its minimum values were 
recorded during post-monsoon months while maximum values were obtained 
during the monsoon months (Table 3.07). High values of silica recorded 
during monsoon months may be due to two reasons: firstly, as a result of its 
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wet fall along with the rains because some amount of it is always present in 
the smoke which emanates through the chimneys of HTPP; and, secondly due 
to its arrival into the reservoir alongwith the surface run-off. The lowering of 
its values noted during post-monsoon months could be due to the dilution 
factor and its utilization by diatoms. Haque (1991) also reported a decline 
in silica after the monsoon months and correlated it with its util ization by 
diatoms. 
HEAVY METALS : With sophistication in human civilization, there came an 
increasing potential for metallic pollution particularly in industry (Lucky etal., 
1975). The metals which have a density more than five times higher than that 
of water are termed as heavy metals. The heavy metals have received great 
attention because of their release into the aquatic environment, extended persistence 
and non-degradable nature. They are known to affect the quality of water and 
organisms inhabiting water bodies. According to Lloyd and Albaster (1980) when 
the concentration of heavy metals is low, then they are more toxic to aquatic 
organisms. The aquatic organisms are also known to accumulate heavy metals 
(Alam et al., 1995b). 
Toxic heavy metals, to a large extent, get their entry in the biosphere 
through industrial effluents, the most important of which being the burning of coal 
in thermal power plants (Block and Dams, 1975; Wiener, 1979; Unni et al., 
1992 and Pervez and Pandey, 1994). In an aquatic environment, these metals 
are leached out from the dumped solid waste (fly-ash). Foster et al. (1991) have 
done comparative study of heavy metal contamination in four English lakes and 
showed that heavy metal contamination of lake water derives from both atmospheric 
and catchment inputs. 
Heavy metal analysis of the surface water in the leachate reservoir could 
only be carried out seasonally and only during the first year of the present study. 
The results of this analysis are given in Table 3.08. 
Zinc (Zn) is an important heavy metal and always found to be present 
in the freshwater environment. Its entry into the environment is mainly through 
disposal of materials containing zinc. In the leachate reservoir, its maximum value 
(68.0 ng/L) was observed in summer at S-1 and minimum (42.0^g/L) was 
recorded during monsoon season at S-4 (Table 3.08). Jain (1995) and Jain et 
al. (1995) have also reported higher values of heavy metals in summer. Spatially, 
the higher values of Zn recorded at S-1 may be due to the fact that this station 
lies near to the place of entry of the effluents into the leachate reservoir. The 
bulk of effluents is fly-ash from which the leaching of heavy metals takes place. 
Unni et al. (1992) have reported an increase in the amount of heavy metals due 
to the discharge of fly-ash in the Kolar River, Nagpur (India). The lower values 
of Zn recorded at S-4 may be due to the farthest position of this station from 
the source of entry of HTPP effluents. 
Manganese (Mn) is another important heavy metal found in the leachate 
reservoir under study. Its maximum value (109.2 jig/L) was recorded during 
summer at S-1 and the minimum value (93.0 ng/L) was noted during monsoon 
season at S-4. The reason for highest value at S-1 and lowest at S-4 being the 
same as that discussed for Zn. 
Iron (Fe) is also an important metal which gets incorporated in chlorophyll 
synthesis, but when it occures in higher quantities it becomes toxic. Its concentration 
varied such that the maximum of its value (429.0 ^g/L) was noted at S-1 during 
summer and winter while the minimum value (120.0 |ag/L)) was noted at S-3 during 
post-monsoon. The lower values recorded for S-3 may be due to the utilization 
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of iron by green aquatic organisms (I. minor and phytoplanklon) in chloropiiyll 
synthesis while the maximum value at S-1 was probably be due to entry of iron 
in the leachate reservoir through the effluents of HTPP. 
Other heavy metals Nickel (Ni), Lead (Pb) and Chromium (Cr) were 
also analyzed. Ni ranged between 41.0 |ig/L to 46 f^g/L, whereas Pb was found 
to vary between 29.0}ag/L to 44.0 ^g/L. For Cr, minimum value was recorded 
as 76 Hg/L and maximum as SS.O^g/L (Table 3.08). The seasonal fluctuations 
in the concentration of Ni, Pb and Cr followed the same pattern as that recorded 
for Zn i.e. the lower values of these metals (Ni, Cr, Pb) were recorded during 
monsoon season at S-4 and higher values were found to occur during summer 
season at S-1 (Table 3.08) 
Among all the heavy metals analysed in the water of the leachate reservoir, 
highest value was recorded for Fe and the lowest for Pb. The order of their 
occurrence was found to be Fe > Mn > Cr > Ni > Pb. These heavy metals get 
their entry into the leachate reservoir alongwith the effluents from HTPP and are 
then distributed all over the reservoir. Lasheen (1982), Mathur et al. (1987) 
and Jain et al. (1995) have also reported the presence of heavy metals in greater 
amounts near the point of entry of effluents in the water bodies studied by them. 
3.3.3. Biological Characteristics : 
In water quality assessment for fish culture, biological studies are of great 
importance and have several advantages over chemical studies. For instance, a 
skilled biologist is able to predict the quality of water in few minutes but, a chemist 
or a sanitary engineer has to wait for five days for the determination of B.O.D. 
(Sladecek, 1979). Further, the biological in\estigations reveal the effects of 
intermittent pollution which a chemist or a sanitary engineer may miss altogether. 
During the present investigations an attempt was made to study various 
plankton organisms and fishes (fauna) inhabiting the reservoir. Ecological study 
on plankton of any water body is a prerequisite to know about the general 
economy and to understand the basic nature of the water body. Since plankton 
serve as a food for economically important culturable fish species and their fry 
and fmgerlings, their study is of great importance in the suitability of an environment 
for fish culture (Alikunhi, 1952;MitraandMahapatra, 1956and Jhingran, 1991). 
In water quality monitoring studies also the structure of aquatic communities 
is of importance (Patrick, 1949). All waters are known to be characterized by 
qualitative and quantitative fluctuations in the plankton population. 
A. Phytoplankton : They are used to evaluate the water quality. The earliest 
attempts in this direction were made by Stfo^m (1927-28) and Pearsall (1930, 
1932). Later on several workers made important contributions. Notable among 
them are of Prescott (1951), Cairns et al. (1972), Gunale (1991), Rao et al. 
(1993), Agarwal et al. (1995) and Raju and Durani (1996). 
Various phytoplankton groups prefer various kinds of water. For instance, 
clean water bodies consists of diatoms dominated flora; organic pollution leads 
to the development of chlorophyceae and cyanophyceae, and the group^lenophyceae 
prefers enriched waters. 
Total phytoplankton population of the leachate reservoir that receives 
effluents from Harduaganj Thermal Power Plant (HTPP) is listed in Table 3.09 
to 3.11 and Fig. 3.4 It comprised 27 genera belonging to four major groups which 
were in the order of their abundance as Bacillariophyceae (diatoms) > Desmidiaceae 
(desmids) > Chlorophyceae (green algae) > Myxophyceae (blue-green algae) at 
station S-2 and S-4 while it was Chlorophyceae > Myxophyceae > Bacillariophyceae 
> Desmidiaceae at S-3. 
In the present investigations, phytoplanktonic biomass (No./ml) varied 
spatially. It was nil at S-1 during the entire period of study and varied from 69 
to 114 at station S-2, from 105 to 255 at S-3 and from 95 to 197 at S-4 (Table 
3.09 to 3.11). Complete absence of phytoplankton at S-1 of the leachate reservoir 
was mainly due to the release of fly-ash dominated warm effluents containing 
traces of heavy metals fromHTPP. SrivastavaeM/. (1993) have also reported 
complete absence of phytoplankton in the coal fired thermal power plant effluent 
zone. Department of Fisheries, Bangkok, Thailand, in 1983, in its report mentioned 
partial or total planktonic kill due to thermal power effluents. The highest phytoplankton 
population at S-3 could be attributed to nutrient rich aquatic medium there as 
that station receives large quantities of nutrients from sediments through the 
decomposition of dead Lemna fronds and other aquatic organisms. 
Total phytoplankton showed diacmic type/of temporal distribution at 
stations S-2, S-3, and S-4 where these organisms were present (Fig. 3.4). The 
first peak of higher magnitude was recorded during summer months (May or June) 
at these three stations, followed by a decline during monsoon months. Thereafter, 
the second peak of lower magnitude, was noted either in post-monsoon month 
(November) or in winter month (Fig. 3.4). Tailing (1957), Sreenivasan (1964b) 
and Haque (1991) have also reported that the peaks of phytoplankton occur at 
different periods in different years. It seems important to point out here that 
certain plankton organism which were found to be absent during certain months, 
reappeared during other months of the year. This temporary disappearance of 
these organisms could be due to the unfavourable conditions prevailing during 
the periods of their disappearance. Their reappearance indicated the return of 
favourable condition for them. 
53 
The variations in phyloplanlclon population liave been attributed to many 
factors. (Patrick, 1969; Jana, 1973). According to Eloranta (1982), the fluctuations 
in phytoplankton standing crop depend on the ratio between production and loss 
of cells. The primary factors for production are light energy, water temperature, 
carbon and other nutrients. Sedimentation, grazing, wash-out and parasites are 
the main factors causing loss of cells. In order to determine the factors influencing 
total phytoplankton population in the leachate reservoir, the coefficients of 
correlation were computed between total phytoplankton density (No./ml) and 
some of the important physico-chemical parameters (Table 3.15). Water temperature 
was found to have positive correlation with total phytoplankton density, whereas 
nutrients like nitrite-N, nitrate-N and phosphate-P were found to be negatively 
correlated with total phytoplankton density (Table 3.15). Rodhe (1948), McCombie 
(1953), Davis (1954, 1964), Khan (1969), Eloranta (1982) and Haque (1991) 
have also reported that physico-chemical factors are responsible for fluctuations 
in phytoplankton population. Interestingly, however, phosphate-P showed positive 
correlation with total phytoplankton density at S-3 and negative correlation at 
other stations. This may be explained by the Phosphate-P availability in large 
amounts at S-3 owing to their release resulting from the decomposition of dead 
green aquatic organisms. Eloranta (1982), in his studies on phytoplanktonic 
succession in a pond warmed by thermal power plant in Finland, has also reported 
an increase in phytoplanktonic biomass with increase in the levels of nutrients. 
It may be concluded here, that no single environmental factor can govern 
the production of phytoplankton organisms. Similar findings have been reported 
by Khan (1969), Tondon and Singh (1972), Haque (1991) and Gaur (1994) in 
Indian tropical water bodies. 
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MAJOR GROUPS : 
Bacillariophyceae (Diatoms) : Diatoms constitute an important group of 
phytoplankton. According to Werner (1977) diatoms contribute about 20-25% 
of the net primary production on the earth which is 1.4x10"' kg dry wt/year. 
These organisms occur ubiquitously. Their sensitivity to various physico-chemical 
conditions varies greatly and there exists a considerable amount of literature 
describing the types of environment they inhabit with the important works of 
Palmer (1962, 1964), Round (1966), Williams (1972), Patrick (1977), Kamat 
(1981), Nautiyal (1984) and Haque (1991). 
In the present study, the diatoms constituted a major and dominant group 
of phytoplankton. Squires et al. (1979), Chessman (1985) and Chen (1992) have 
also recorded the dominance of diatoms in ecologically similar water bodies which 
received effluents from thermal power plants. Srivastava et al. (1993) have also 
reported the replacement of members of chlorophyceae by the diatoms due to 
the effect of thermal power effluents. 
The members which represented this group were Amphora, Cyclotella, 
Diatoma, Melosira, Navicula, Nitzschia and Synedra. Among these, Melosira 
showed year round presence and dominance at S-2, Nitzschia at S-3 and both 
Melosira and Nitzschia at S-4. Many of these genera showed temporary disappearance 
and reappeared again on return of favourable conditions. (Table 3.09 to 3.11). 
Their minimum count (21 No./ml) was recorded in March, 1995 and in 
September 1996 at S-3. However, by percent, they contributed a lowest of 
11.76% to the total phytoplankton during May, 1995 at S-3. Whereas their 
maximum number which was 78 no./ml was recorded in January 1996 at S-4, 
and by percent they contributed to a maximum of 87.36 in August, 1996 at 
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S-2 (Fig. 3.7a,b,c). Temporally, diatoms were best represented during winter 
months and least during monsoon, and spatially, they were best represented at 
S-2 followed by S-3 and S-4 (Table 3.09 to 3.11 and Fig. 3.5a,b,c) 
Researches done by Pearsall (1923), Lund (1954), Jorgensen (1957), 
Singh (1965, 1968). Eloranta (1982) and Mohan (1987a) have established the 
importance of silica as a factor controlling the spatial and temporal distribution 
of the diatoms. In the present study also silica was found to be the chief substance 
influencing the distribution and abundance of diatoms. This is evident from the 
observed highest diatom population at S-2 and their lowest population at S-4, 
which corresponds to highest values of silica recorded at S-2 and its lowest values 
at S-4. 
At stations S-2 and S-3, the density of diatoms and the contents of silica 
present in the surface water of the reservoir was found to be significantly and 
positively correlated (S-2 : r = 0.85, p < 0.05; S-3 : r = 0.43, p < 0.05). This 
also suggests that silica never became a limiting factor for the development of 
the diatoms at S-2 and S-3. At station S-4, a significant negative correlation 
(r = -0.58, p < 0.05) was obtained between these two parameters. The negative 
correlation, obtained at S-4, may be due to comparatively low concentration of 
silica present here. Due to its low concentration at S-4, silica showed clear 
fluctuations because of its utilization by diatoms in their growth and proliferation. 
This is in agreement with the findings of Lund (1965), Munawar (1974), Eloranta 
(1982) and Haque (1991). These workers have also reported inverse relationship 
between these two variables due to the utilization of silica by diatoms. 
Desmidiaceae : The water possessing desmid dominant phytoplankton are 
chemically distinct from those which are rich in diatoms and blue-green algae 
(West and West, 1909; Pearsall, 1921; Stroto, 1924;A^an;Oye, 1934; Welch, 
1 '-cc.:,_. 
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1952; Hutchinson, 1975b and Cioldman and Home, 1983). Hutchison and Pickford 
(1932) have emphasized the role of calcium in the distribution of desmids. They 
showed that certain species of desmids occurred on calcareous substrates while 
others avoided calcium rich waters. Van Oye (1934) attributed the paucity of 
desmids in Belgian freshwaters to their eutrophic nature. 
Spatially, highest numerical density of desmids was noted at station 
S-2 followed by station S-4. Their lowest number was recorded at station 
S-3 (Table 3.12 to 3.14). The occurrence of desmids at any given place in water 
was found to be inversely related to the amount of organic matter present there. 
Consequently, at station S-3, where the highest amount of organic matter was 
present, the desmids had lowest density compared to at S-2 and S-4 (Table 3.09 
to 3.11, Fig. 3.5a,b,c). At stations S-2 and S-4, on the other hand, the organic 
contents were low and the densities of desmids were high, with their highest 
density being present at S-2 where the amount of organic matter was the lowest. 
The present finding is in agreement with the observations of Van Oye (1934), 
Wetzel (1975) and Goldman and Home (1983) regarding the desmids being less 
abundant in the water bodies which were rich in organic matter. By percent of 
the total phytoplankton, the desmids contributed upto 18.68% at S-2 in April 
1995, upto 21.75% at S-3 in January, 1997 and upto 24.00% at S-4 in August. 
1996(Fig. 3.5a,b,c). 
Regarding temporal variations in the distribution and abundance of desmid 
population, their maximum numerical strength was noted as being 20 No./ml in 
June, 1996 at S-2, 33 No./ml in May, 1995 at S-3 and 40 No./ml in May, 1996 
at S-4 (Table 3.09 to 3.11). Rao (1955) has reported the prolonged periods 
of sun-shine coupled with higher temperature to be favourable for the growth 
of desmid. However, Seenayya( 1971) did not find any such pulses ofdtfji^ids 
with warm temperature. 
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This group was represented by CJosterium. Cosmarium, DcswiJium. 
Gonatozygon and Slaurastrum. Their distribution and abundance is gi\'en in 
Table 3.09 to 3.11. Among them, Desmidium was most abudant at S-2 and 
S-4, whereas Gonatozygon and Cosmarium were most abudant at S-3. Presence 
oi Gonatozygon and Cosmarium in higher numbers at S-3 as compared to other 
stations and other members of desmids indicate that these members show high 
tolerance to organic matter. 
Chlorophyceae [Green Algae] : Observations regarding the distribution and 
abundance of green algae in the leachate reservoir are presented in Table 3.09 
to 3.11 and illustrated in Fig. 3.5a,b,c. Asforthe temporal variations of green 
algae, the maximum density at S-2 was noted as 21 No./ml in January, 1997, 
at S-3 as 98 No./ml in May, 1995, and at S-4 as 49 No./ml in May, 1996. 
Regarding their lowest density at different stations, S-2 showed a lowest of 2 
No./ml in August, 1995; S-4 showed a lowest of 41 No./ml in August, 1995 
and S-3 showed a lowest chlorphycean density as 10 No./ml in January and 
February, 1996 (Table 3.09 to 3.11). Singh (1960), Zafar (1967) and Munawar 
(1974) have also reported the abundance of green algae at comparatively higher 
temperature in tropical waters. Spatially, higher chlorophycean density was noted 
at Station S-3, contributing upto 44.00% of the total phytoplankton in October, 
1995, and least at S-2 with only upto 20.58% of the total phytoplankton present 
there in January, 1997 (Fig. 3.4). Comparatively higher chlorophycean density 
at S-3 was due to the richness of this station in terms of nutrients which were 
released by the decomposition of dead L. minor fronds. Thus, besides temperature, 
the other important factors which influence the distribution and abundance of 
green algae are the nutrients. Here, in the present study, green algae developed 
best when nitrate and phosphate contents were low in the environment. Such 
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low concentrations of nitrate and phosphate may be due to their utilization in 
the growth and development of green algae. Singh (1960), Zafar (1964). Munawar 
(1974) and Haque (1991) have also recorded similar findings. Mohan (1987b) 
has reported that in the distribution of green algae, cations particularly calcium 
play an important role. Calcium content in the leachate reservoir was also found 
in higher amounts (Table 3.6) which seems to be a limiting factor responsible 
for the development of chlorophyceae. 
Besides physico-chemical parameters, the presence of myxophyceae has 
also been reported by Lin (1972) and Ba.\setal.(\ 993) to control the fluctuations 
in green algal population. But, in the present investigations, it does not seem to 
hold true as higher chlorophycean density was found associated with higher 
myxophycean population (Table 3.09 to 3.11). This finding may be due to the 
fact that myxophyceae did not form the dominant group in our studies and never 
occurred as blooms. 
Green algae was represented by members of 7 genera, namely Actinsatrum, 
Ankistrodesmus, Botryococcus, Cladophora, Pediastrum, Scenedesmus, Spirogyra, 
Crucigenia and Ulothrix. These genera were represented at S-2 and S-4 
throughout the study period except during few months whereas, at S-3, Scenedesmus 
was the only genus present in all the samples collected during different months. 
Many of these genera were noted to be absent during certain months but, 
reappeared again during the following months after getting favourable conditions 
(Table 3.09 to 3.11). 
Myxophyceae (Blue-Green Aigae): Myxophyceae, also called as cyanobacteria 
(Woese, 1981), formed an important phytoplankton group. Its presence in abundance 
indicates the eutrophic nature of the water body (Seenayya, 1971; Lin, 1972; 
Seenayya and Zafar, 1981 and Gaur, 1994). 
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In the present study, this group never dominated the phytoplankton. It 
was found to be the least abundant group, except at station S-3, where it was 
the second most abundant group after diatoms (Table 3.09 to 3.11). The variations 
noted in the density of myxophyceae can be visualized by having a look on the 
organic matter content at different stations as organic matter is known to be a 
major factor to influence directly the myxophycean dominance (George, 1962; 
Seenayya 1971; Lin, 1972 and Seenayya and Zafar, 1981). At S-2 and S-4 the 
organic matter content was low as compared to S-3 (Table 4.1,4.2) and hence 
low values of myxophyceae were recorded at S-2 and S-4 and high at station 
S-3 (Table 3.09 to 3.11), contributing 20.58% at S-2, 44.00% at S-3 and 24.87% 
at S-4 of the total phytoplankton density at S-4 (Fig. 3.4 and 3.5a,b,c). Seasonally, 
higher density of myxophyceae was noted during summer months at S-3 as 94 
No./ml in May, 1995 and at S-4 as 49 No./ml in May, 1996. Whereas, at 
S-2 high numerical strength of myxophyceae was noted during winter months with 
the maximum numerical strength being 16 No./ml in December, 1996. The peak 
values of myxophyceae during summer months as noted at S-3 and S-4 indicate 
the importance of high temperature and increased intensity of light in stimulating 
the growth of blue-greens. Haque (1991) and Gaur (1994) have reported that 
myxophyceae members starts multiplying in the early summer months with the 
increase in environmental temperature. Higher density of myxophyceae in winter 
as noted at S-2 is in accordance with the finding of myxophycean winter bloom 
by George (1962) in a fish tank at Delhi, India. During monsoon months a 
decrease was noted in the cyanobacterial density, being lowest as 2 No./ml in 
August 1995 at S-2, as 26 No./ml in August, 1995 at S-3 and as 5 No./ml in 
July 1996 at S-4. This decrease in myxophycean density during monsoon months 
may be due to the increased mud trubidty from the dykes of the leachate reservoir, 
resulting in the death of plankton organisms as also reported by Welch (1952), 
Chakrabarty et al. (1959) and Gaur (1994). 
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ZOOPLANKTON : 
It is an important animal group of aquatic environment forming second link 
in the aquatic food chain by acting on phytoplankton as grazers. Zooplankton 
impart a major contribution to the diet of various economically important freshwater 
fishes which, essentially in one stage of their life, s;tubs^on zooplankton for 
food. Besides, adult Indian major carps and their life history stages are reported 
to feed selectively on these organisms (Jhingran, 1991). Therefore, in the field 
of fisheries, these organisms have an immense place and significance. 
As per Gannon and Stemberger (1978), the role of zooplankton as indicators 
of trophic conditions has been acquired mostly on investigations on lakes in cold 
temperate region, the warm tropical water bodies being paid a little attention. 
From tropical climate, the notable contributions are those of Arora (1961, 
1966a,b), Khan (1969), Mahajan and Singh (1973), Rao and Mohan (1977), 
Krishprta^iirthi et al. (1978), Verma et al., (1978), Khan (1981), Maha05an 
(1981), Deb et al. (1987), Haque (1991) and Fernando (1994). 
Zooplankton although exist under a wide range of environmental conditions 
but many of them are limited by D.O., temperature, salinity and other physico-
chemical factors. Interspecific and intraspecific competitions are known to influence 
the distribution and abundance of zooplankton. Moreover, aquatic pollution and 
the presence offish also known to influence the species composition, and the 
distribution and abundance of zooplankton. The availability of food also affects 
the zooplankton population by affecting the fertility of females (Comita and 
Anderson, 1959; Edmondson, 1965; Patalas, 1972; Haque, 1991 andGaurand 
Khan, 1993b). Release of effluents from coal-fired power plants, specially fly-
ash, are also known to affect the zooplankton distribution and abundance. Markowski 
(1959) was among the first to study the effects of power plants on zooplankton. 
Later studies on this aspect were carried out by Mihurski (1969), Heinle (1 969), 
Whitehouse (1971), Brauer et al. (1974-) and Spencer el al. (1983). 
Total zooplankton population of this reservoir is given in Table 3.12 to 
3.14. Altogether 11 zooplankton genera belonging to three major groups, namely 
Rotifera, Cladocera and Copepoda, in order of their decreasing abundance, 
were recorded. Their total density varied from nil at S-1 to 63 at S-3. Their 
order of abundance at various stations was found to be S-3 > S-4 > S-2 (Table 
3.12 to 3.14). The complete absence of zooplankton at S-1 was probably a 
consequence of phytoplankton absence which form their food. Whereas, the 
highest zooplankton density at S-3 was attributed to high phytoplankton density 
at this station. This relationship gets strength with the observed significant positive 
correlation between these two variables at ail the three stations that had plankton. 
The values of coefficient of correlation being at S-2: r = 0.63, p < 0.05; at 
S-3: r = 0.70 p < 0.05; and at S-4: r - 0.83, p < 0.05. The direct relationship 
between phytoplankton and zooplankton has been reported by Riley (1946), 
Prasad (1956) and Ali (1980), whereas Comita and Anderson (1959), Khan and 
Siddiqui (1974) and Eloranta (1982) have reported an inverse relationship. 
Besides phytoplankton, the flucjQlation in zooplankton density and distribution 
may also be due to chemical variables as reported by Hazelwood and Parker 
(1961), George (1962), Hutchinson (1967, 1975), Eloranta (1982), Goldman 
and Home (1983), Haque et al. (1986), Haque (1991) and Gaur (1994). 
Regarding their seasonal distribution, zooplankton also showed two peaks 
of abundance (Fig. 3.6). The primary peak of higher magnitude was noted during 
warm months of summer while secondary peak of lower magnitude was recorded 
during post-monsoon months. Eloranta (1982) and Khan et al. (1986) have also 
reported zooplankton peak during the periods of high temperature and their 
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minimum density during the periods of low temperature. Brauer et al. (1 974) 
have also reported high zooplankton densities associated with elevated water 
temperature caused by the discharge of effluents from a thermal power plant 
on lake Monana, Wisconsin. Hillbricht e/a/. (1988) have reported an increase 
in the fecundity of most of the zooplankton species at higher temperature due 
to the discharge of heated effluents from a thermal power plant. 
In order to investigate the influence of various environmental parameters 
on zooplankton abundance, correlation analyses were made between zooplankton 
densities and some important physico-chemical parameters. Statistically, significant 
positive correlation were obtained between zooplankton density and water temperature 
and between zooplankton density and dissolved oxygen at S-4 only. At stations 
S-2 and S-3, the relationship was insignificant. With NO^-N, NO3-N, PO^-P 
and total dissolved solids (TDS), the zooplanktonic density was found to be 
negatively correlated (Table 3.12 to 3.14). 
MAJOR GROUPS : 
The major groups of zooplankton, encountered in the present investigation 
were found to be Rotifera, Cladocera and Copepoda along with eggs and 
nauplii. The relative abundance of these groups of zooplankton varied both in 
space and time (Table 3.12 to 3.14, Fig. 3.6). Out of these the rotifers dominated 
the scene while copepods were least represented in the water of the leachate 
reservoir. 
Rotifers : These organisms being herbivorous, play an important role in the 
ecology of the aquatic ecosystems by serving as an essential food source for 
vertebrate and invertebrate organisms (Herzig, 1987). Rotifers are known to 
exhibit high population turnover rate in nature (Davis, 1962), and also show a 
63 
quick response to the environmental changes. It is for this reason, rotifers appear 
to be more sensitive index of changes in water quality. 
In the present investigations, rotifers formed the most dominant group of 
zooplankton. Hillbricht et al. (1988) and Han and Hu (1993) have also reported 
the dominance of rotifers in the zooplankton in water bodies receiving effluents 
from thermal power plants. Smaller size of rotifers and their rapid rate of 
production (Davis, 1962) also contribute to their dominance. In the leachate 
reservoir, density varied from Nil at S-1 to 23 No./L at S-3 in June, 1996. The 
reason for Nil valiies of plankton organism at S-1 has already been discussed 
in previous sections of this thesis. The cause of their occurrence in higher numbers 
at S-3 was the presence of green aquatic organisms in higher numbers at that 
station which form the food for these herbivorous zooplankton. 
Regarding their seasonal distribution and abundance, they were best represented 
during winter months and least during summer months at all the three stations 
S-2, S-3 and S-4 (Table 3.12 to 3.14 & Fig.3.6). 
This group, was represented by 5 species belonging to four genera, 
Brachionus calyciflorus, B. quadridentata, Keratella tropica, Filinia sp. and 
Asplanchna sp. The numerical strength of these species varied from station to 
station and season to season (Table 3.12 to 3.14). During certain months, some 
of them were found to disappear temporarily and reappeared in other months. 
Among rotifers, Brachionus calyciflorus was most abundant at S-3 and 
least at S-2 (Table 3.12 to 3.14). Filinia sp. also showed higher numerical 
strength at S-3 while Keratella tropica was most abundant at S-4. The higher 
numerical strength of Brachionus calyciflorus and Filinia sp. at S-3, the 
organically rich station, point-out their role as indicators of water bodies rich 
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in organic matter. Mathew (1975). Rao and Mohan (1977), Haque et al. (1-988) 
and Haque (1991) have also reported Brachionus as indicator of organic pollution. 
Thus, the presence of Brachionus, in comparatively higher density at S-3, 
indicates that this station is approaching towards eutrophication. Asplancha sp. 
has been reported by HeYzig (1987) to be perennial species. In the present study, 
it was found to show year round presence at S-3. Eloranta (1982) has also 
reported that Asplanchna was the dominant species among rotifers in a water 
body receiving effluents from a thermal power plant. 
The influence of abiotic environmental factors on the population of rotifers 
was studied in detail by Hoffman (1977). Rotifers are known to tolerate a wide 
range of temperature. Arora (1966) has experimentally established the temperature 
tolerance range of certain rotifers to be 12-37°C. In our study, this range was 
never crossed on either side and so the optimal temperature range was one of 
the important parameters for their occurrence and becoming dominant group. Han 
and Hu (1993) have reported higher rotifer diversity index with increase in water 
temperature in an aquatic ecosystem receiving thermal power plant effluents. The 
pH range, which most of the rotifers can withstand, was reported to be 5.5 to 
12.6 by Arora (1966). This range is too wide to suggest their pH sensitivity. 
In the present study, the pH remained well within the limits. 
Cladocera : In the reservoir under study cladocerans formed the second most 
abundant zooplankton group, after rotifers. They used to feed mostly on detritus. 
Temporally, cladocerans were best represented in the samples collected 
during summer months at S-3 and S-4 and post-monsoon months at S-2 (Table 
3.12 to 3.14). Khan e/a/. (1986) have also reported higher numerical strength 
of cladocerans during summer whereas Khan and Siddiqui (1974) reported 
maximum density of cladocerans during winter. Here, in the leachate reservoir, 
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like total zooplankton, their lowest density was recorded during monsoon months. 
(Table 3.12 to 3.14). Spatially, highest density of cladocerans was recorded at 
S-3 as 22 No./ml in June, 1995, while the lowest cladoceran density was recorded 
as 3 No./ml at S-2 (Table 3.12 and 3.13). The reason for their comparatively 
higher density at S-3 may be due to the presence of organically rich water there. 
The group, cladocera was represented by four members, namely Moina 
sp., Daphnia carinata, Ceriodaphnia reticulata and Diaphanosoma sp. 
Among them, Daphnia carinata was abundant and Diaphanosoma sp. was least 
occurring at all the three stations (Table 3.12 to 3.14). 
Copepods : In the present study, it formed the least abundant group of zooplankton. 
This group was represented by three members only, namely Cyclops viridis, 
Mesocyclops leuckarti and Diaptomus sp. Among these, M. leuckarti was most 
abundant at S-2 and S-4 while Cyclops viridis was most abundant at S-3. The 
least abundant species of copepods was Cyclops viridis at S-2 and S-4 and 
Diaptomus sp. at S-3. Their detailed distribution and abundance is given in Table 
3.12 to 3.14. At S-2, Mesocyclops leukarti occurred throughout the investigation 
period. At S-3, Cyclops viridis and at S-4, Diaptomus sp. were noted throughout 
the study period. 
Eggs : In the present investigations, the eggs of different zooplanktonic groups 
were counted. The results ofthe countings are given in Table 3.12 to 3.14. Their 
percentage to the total zooplanktonic density is illustrated in Fig. 3.6. Zooplanktonic 
eggs showed year round presence in the samples analysed from all the three 
stations. Their year round occurrence indicates that the zooplankton are prolific 
and continuous breeders. Spatially, the higher zooplankton fecundity was found 
at S-3 followed by S-4 and S-2. Temporally, higher egg countings were made 
at high temperature during summer (Table 3.12 to 3.14). Hillbricht et al. (1988) 
66 
have also reported an increase in zooplanktonic fecundity at high temperature 
in an aquatic ecosystem receiving effluents from a thermal power plant. 
Nauplii: During the present study, different developmental stages of crustacean 
zooplankton were counted together as nauplii. The results of the counting are 
given in Table 3.12 to 3.14 and their percentage contribution to the total zooplanktonic 
density is presented in Fig. 3.7a,b,c. 
Temporally, their minimum density was found during monsoon months and 
maximum during summer months at all the three stations, (Table 3.12 to 3.14). 
Spatially, their numerical strength was more at S-3 followed by S-4 and S-2 
(Table 3.12 to 3.14). 
FISH FAUNA : 
The fish fauna of the leachate reservoir included minor carps like, Puntius 
sophore, Esomus danricus and Oxygaster bacaila; some air breathing fish 
species like, Clarias batrachus, Heteropneustes fossilis, Channa punctatus, 
C. gachua and Trichogaster; and Gambusia affinis. 
Table 3.01: Monthly Variations in the Colour of the Surface Water in 
the Leachatc Reservoir at Different Stations. 
Months 
S-
March-95 
April 
May 
June 
July 
STATIONS 
1 S-2 S-3 
Muddy-Green 
Muddy-Green 
Muddy-Green 
Muddy-Green 
Muddy 
August *^  Muddy 
September O Muddy 
October < ^ Muddy-Green 
November j J Muddy-Green 
December ^ Muddy-Green 
January-96 
February > 
March ^ 
April ^ 
May 
< 
June 
July 
August 
September 
October 
November 
December 
January-97 
February 
>-' Muddy-Green 
1 Q Muddy-Green 
H " Muddy-Green 
Muddy-Green 
Muddy-Green 
Muddy-Green 
Muddy 
Muddy 
Muddy 
Muddy-Green 
Muddy-Green 
Muddy-Green 
Muddy-Green 
Muddy-Green 
S-4 
Bluish-White 
Bluish-White 
Bluish-White 
Bluish-White 
Muddy-Black 
Muddy-Black 
Muddy-Black 
Muddy-Black 
Bluish-White 
Bluish-White 
Bluish-White 
Bluish-White 
Bluish-White 
Bluish-White 
Bluish-White 
Bluish-White 
Muddy-Black 
Muddy-Black 
Muddy-Black 
Bluish-White 
Bluish-White 
Bluish-White 
Bluish-White 
Bluish-White 
Table 3.02 : Monthly Variations in the Air and Surface Water Temperature (°C), Trans-
parency (cm) and Turbidity (%T) in the Resenoir at Diflerent Stations 
Months 4 
Stations —> 
Mar.-95 
April 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan.-96 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan.-97 
Feb. 
Air 
Temperature 
29.0 
37.0 
38.5 
36.5 
27.0 
29.0 
29.0 
25.0 
23.0 
17.0 
18.0 
21.0 
27.0 
35.5 
40.5 
39.0 
33.0 
29.5 
29.0 
27.5 
25.0 
18.5 
18.5 
19.0 
Water Temperature 
S-1 
25.0 
33.0 
34.5 
35.0 
29.0 
31.0 
33.0 
25.0 
25.0 
18.0 
19.5 
21.0 
25.0 
34.0 
35.5 
35.0 
32.5 
30.0 
32.0 
30.0 
27.0 
19.5 
20.5 
21.0 
S-2 
23.0 
32.0 
34.5 
33.0 
27.5 
28.5 
31.5 
24.0 
23.0 
17.5 
17.0 
18.5 
22.5 
30.0 
35.5 
34.0 
31.0 
28.0 
31.0 
29.5 
25.0 
17.5 
17.5 
19.0 
S-3 
21.0 
30.5 
33.0 
32.0 
27.0 
28.0 
31.0 
21.0 
22.0 
17.0 
17.5 
18.0 
21.0 
29.5 
32.0 
33.0 
31.0 
28.0 
31.0 
29.5 
23.0 
17.0 
17.0 
18.5 
S-4 
21.5 
30.0 
32.0 
32.0 
27.0 
28.0 
31.0 
21.0 
22.0 
17.0 
17.0 
17.5 
21.5 
30.0 
33.0 
33.5 
30.0 
28.0 
31.0 
29.0 
23.0 
17.0 
17.0 
18.5 
Transparency 
S-1 S-2 
8.0 
7.5 
6.6 
5.4 
6.4 
10.8 
18.5 
18.4 
16.2 
16.8 
J 20.0 
^ 20.0 
Z 14.4 
13.0 
10.8 
9.6 
7.5 
9.2 
12.0 
16.0 
18.4 
18.0 
16.0 
18.0 
S-3 
11.5 
10.2 
9.2 
9.0 
8.4 
24.0 
55.0 
50.8 
45.0 
47.2 
48.1 
42.0 
30.4 
22.2 
12.0 
12.2 
8.5 
11.0 
35.6 
40.0 
38.5 
38.0 
92.6 
40.4 
s-4 
38.5 
30.6 
28.0 
25.0 
16.0 
75.0 
65.0 
20.8 
60.0 
64.5 
68.0 
61.0 
50.0 
31.0 
14.2 
54.5 
14.0 
12.2 
58.8 
84.6 
91.0 
94.0 
98.0 
74.0 
Turbidity 
S-1 S-2 
18 
17 
14 
12 
23 
29 
32 
32 
30 
33 
-1 34 
32 
Z 30 
28 
16 
18 
19 
18 
21 
22 
31 
28 
29 
16 
S-3 
49 
41 
38 
34 
40 
49 
69 
68 
65 
66 
68 
63 
56 
54 
41 
42 
34 
38 
46 
49 
46 
46 
70 
48 
S-4 
56 
52 
48 
41 
38 
75 
68 
48 
72 
80 
84 
81 
74 
64 
42 
51 
23 
19 
38 
67 
82 
83 
84 
74 
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Tabic 3.04:Monthly Variations in pH, Free Carbon-dioxide (CO^) and Total Alkalinity 
in the Surface Water of the Reservoir at Different Stations 
Months J, 
Stations - » 
Mar.-95 
April 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan.-96 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan.-97 
Feb. 
S-1 
7.6 
7.4 
7.8 
8.2 
8.4 
8.6 
8.6 
8.5 
8.2 
7.6 
7.8 
7.6 
8.1 
8.1 
8.3 
8.7 
8.7 
8.6 
8.6 
8.1 
8.0 
7.8 
7.6 
7.8 
pH 
S2 
7.5 
7.3 
7.6 
8.1 
8.2 
8.2 
8.2 
8.1 
8.1 
7.3 
7.4 
7.4 
7.6 
7.9 
8.0 
8.3 
8.2 
8.2 
8.2 
8.0 
8.0 
7.7 
7.5 
7.6 
S-3 
7.5 
7.3 
7.3 
8.0 
8.0 
8.0 
7.8 
7.9 
7.4 
7.2 
7.3 
7.3 
7.4 
7.3 
7.4 
8.4 
8.0 
7.9 
7.6 
7.7 
7.3 
7.3 
7.3 
7.4 
S-4 
7.9 
8.1 
8.6 
8.3 
7.7 
8.0 
7.6 
7.7 
7.2 
7.1 
7.1 
7.2 
7.3 
7.6 
8.0 
8.0 
7.7 
7.7 
7.3 
7.1 
7.1 
7.2 
7.2 
7.3 
Free CO^ (mg 
SI 
31.00 
33.00 
22.00 
11.20 
2.50 
2.20 
2.30 
1.90 
1.60 
2.40 
3.90 
4.30 
5.80 
6.10 
6.30 
2.10 
0.88 
3.60 
4.20 
6.90 
9.00 
9.30 
10.40 
10.80 
S-2 
20.80 
26.40 
16.80 
10.40 
3.00 
2.00 
1.80 
1.20 
1.00 
1.60 
2.40 
2.60 
2.80 
2.40 
1.40 
1.20 
0.40 
1.60 
2.80 
5.40 
8.80 
9.00 
9.20 
2.00 
S-3 
10.36 
12.55 
21.64 
3.20 
1.80 
2.00 
2.80 
2.10 
2.00 
8.00 
6.80 
6.10 
3.20 
1.40 
1.50 
0.80 
1.42 
3.90 
5.60 
8.80 
9.40 
9.80 
10.20 
4.30 
S-4 
8.91 
6.82 
1.82 
1.80 
0.40 
0.90 
1.80 
0.90 
0.88 
0.90 
0.92 
1.20 
0.82 
0.62 
8.76 
0.82 
0.98 
0.98 
1.40 
2.10 
2.80 
2.00 
2.20 
2.00 
Total Alkalinity (mg/L 
S-1 
120 
105 
115 
125 
130 
142 
127 
108 
106 
120 
96 
118 
130 
124 
128 
144 
142 
120 
114 
118 
114 
109 
108 
110 
S2 
102 
100 
102 
108 
116 
112 
90 
84 
78 
86 
64 
98 
112 
104 
98 
109 
116 
112 
112 
98 
92 
80 
78 
78 
S-3 
107 
87 
75 
97 
92 
92 
80 
86 
70 
52 
56 
62 
82 
78 
80 
118 
112 
98 
80 
88 
76 
67 
68 
72 
S-4 
121 
130 
142 
112 
80 
81 
60 
42 
48 
41 
38 
40 
64 
74 
81 
84 
66 
68 
51 
48 
32 
52 
50 
56 
Table 3.05 : Monthly Variations in DO, BOD and COD in mg/L in the Surface Water 
of the Reservoir at Different Stations. 
Months 4, 
Stations - > 
Mar.-95 
April 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan.-96 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Oec. 
Jan.-97 
Feb. 
S-1 
5.5 
3.0 
5.0 
4.2 
7.0 
6.2 
3.0 
7.0 
5.0 
5.2 
5.5 
3.2 
3.0 
3.5 
5.2 
6.0 
6.0 
6.0 
5.0 
5.0 
4.8 
4.6 
4.3 
3.2 
Dissolved Oxygen (DO) 
S-2 
2.6 
2.9 
3.1 
3.8 
3.8 
3.6 
3.0 
4.4 
4.6 
3.8 
3.5 
3.8 
2.9 
3.2 
3.8 
4.0 
4.0 
3.8 
3.2 
4.0 
4.4 
4.5 
4.4 
3.6 
S-3 
2.7 
1.4 
1.3 
4.4 
4.2 
4.2 
4.6 
6.5 
6.4 
5.4 
4.7 
3.6 
3.2 
4.1 
3.2 
4.2 
4.5 
5.2 
5.4 
5.0 
4.4 
4.4 
3.6 
3.4 
S-4 
3.7 
6.5 
8.4 
8.3 
8.4 
8.0 
6.0 
7.5 
7.8 
7.0 
6.8 
6.2 
7.4 
7.8 
8.3 
8.0 
6.4 
6.0 
5.8 
6.1 
6.4 
6.6 
6.8 
6.2 
Biological Oxygen Demand (BOD) 
SI 
0.37 
0.38 
0.43 
0.41 
0.07 
0.18 
0.32 
0.32 
0.14 
0.06 
0.30 
0.28 
0.28 
0.32 
0.34 
0.41 
0.08 
0.20 
0.32 
0.38 
0.14 
0.30 
0.28 
0.22 
S-2 
0.88 
0.88 
1.42 
1.54 
1.38 
1.56 
1.84 
1.78 
1.98 
1.93 
0.92 
0.94 
0.18 
1.04 
1.18 
1.22 
1.12 
1.08 
1.50 
1.42 
1.18 
0.92 
1.00 
1.20 
s-3 
1.97 
2.08 
2.44 
2.82 
2.08 
2.10 
2.42 
1.64 
2.22 
2.10 
1.90 
2.02 
2.18 
2.24 
2.34 
1.50 
2.24 
2.32 
2.40 
2.04 
2.02 
1.92 
1.90 
2.02 
S-4 
1.04 
1.46 
1.88 
1.88 
1.68 
1.72 
1.90 
1.48 
1.57 
1.33 
1.30 
1.52 
1.70 
1.90 
2.02 
2.12 
2.10 
2.00 
2.20 
1.98 
1.80 
1.50 
1.42 
1.50 
Chemica 
S-1 
21.0 
23.0 
28.0 
25.0 
32.0 
29.0 
32.0 
32.0 
23.0 
21.0 
24.0 
23.0 
22.0 
21.0 
26.0 
29.0 
25.0 
30.0 
31.0 
33.0 
21.0 
28.0 
23.0 
21.0 
Oxygen Demand (COD) 
S-2 
20.0 
20.8 
24.3 
26.4 
23.5 
27.0 
28.0 
29.4 
30.0 
28.0 
22.0 
19.5 
20.8 
22.6 
23.6 
25.8 
23.8 
26.0 
28.0 
29.8 
27.2 
25.6 
20.4 
21.7 
S-3 
18.0 
18.0 
20.0 
29.0 
26.0 
25.5 
28.0 
24.5 
26.0 
21.0 
16.0 
14.0 
15.0 
18.0 
19.0 
24.0 
21.0 
24.0 
24.0 
26.0 
28.0 
22.0 
18.0 
17.0 
S-4 
14,0 
16.5 
18.0 
15.0 
29.0 
14.9 
16.0 
20.0 
17.0 
16.0 
14.0 
15.0 
19.0 
21.0 
23.8 
23.6 
21.0 
18.0 
19.4 
19.0 
20.0 
16.0 
14.0 
12.0 
Tabic 3.06: Monthly Variations in Concentation of Calcium, Chloride and Hardness 
of Water in the Reservoir at Different Stations. 
Months 4 
Stations —»• 
IVIar.-95 
April 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan.-96 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan.-97 
Feb. 
Calcium (n 
S-1 
24.47 
27.41 
30.84 
29.85 
21.00 
19.50 
23.72 
32.06 
31.60 
28.40 
29.40 
29.90 
31.00 
32.60 
34.47 
30.50 
26.20 
22.40 
21.30 
27.50 
29.00 
28.00 
29.00 
29.60 
S-2 
21.80 
27.45 
28.40 
26.48 
20.34 
18.60 
22.40 
30.62 
31.60 
27.86 
28.46 
28.42 
28.62 
29.84 
29.86 
28.20 
22.20 
21.00 
22.30 
27.80 
27.00 
28.00 
28.10 
27.90 
S3 
21.66 
25.64 
27.64 
26.84 
18.00 
17.80 
21.16 
28.05 
27.50 
26.60 
27.20 
27.90 
28.60 
29.42 
30.80 
28.40 
23.00 
20.60 
21.20 
27.40 
27.20 
27.40 
27.90 
28.00 
S-4 
20.25 
23.22 
24.24 
22.64 
17.40 
14.60 
24.20 
19.23 
19.00 
19.40 
22.10 
23.00 
26.50 
27.02 
28.20 
24.00 
17.40 
16.20 
19.40 
19.00 
18.60 
18.90 
19.20 
19.80 
s-1 
15.04 
12.41 
17.04 
21.99 
17.04 
17.10 
16.75 
16.75 
16.50 
16.20 
14.50 
14.40 
14.00 
18.00 
23.20 
23.00 
21.20 
19.40 
19.00 
21.20 
23.00 
22.60 
20.20 
20.20 
Chloride 
S-2 
13.60 
11.46 
17.94 
20.40 
14.60 
16.89 
13.35 
14.06 
14.40 
15.00 
13.85 
13.80 
13.20 
16.80 
16.40 
11.20 
11.00 
10.80 
11.40 
12.20 
12.80 
12.00 
12.80 
12.70 
(mg/L) 
S-3 
12.35 
10.50 
18.18 
11.93 
12.78 
12.46 
12.78 
13.04 
13.20 
12.80 
12.12 
12.02 
11.80 
10.40 
10.28 
10.00 
9.80 
9.80 
11.20 
13.30 
13.32 
13.00 
12.80 
12.00 
s-4 
11.62 
10.50 
10.64 
11.36 
11.52 
11.90 
14.76 
9.08 
10.60 
12.20 
12.00 
11.80 
10.20 
9.40 
9.00 
9.20 
9.00 
9.00 
11.00 
13.80 
12.20 
12.00 
12.00 
12.20 
Hardness (mg/L) 
s-1 
102 
120 
136 
106 
82 
70 
124 
120 
125 
128 
130 
126 
127 
126 
131 
102 
80 
80 
94 
114 
113 
127 
130 
131 
s-2 
98 
120 
130 
96 
57 
67 
118 
118 
123 
126 
129 
120 
121 
124 
128 
94 
62 
63 
66 
109 
109 
109 
111 
112 
S-3 s-4 
94 90 
115 110 
132 123 
90 104 
68 68 
63 58 
128 120 
112 108 
122 118 
124 120 
130 121 
132 114 
131 120 
132 124 
133 196 
92 86 
64 54 
62 59 
64 104 
114 102 
116 116 
108 118 
120 118 
122 118 
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SEDIMENT QUALITY CHARACTERISTICS OF 
THE LEACHATE RESERVOIR 
4.1 INTRODUCTION: 
Sediments play a significant role in maintaining the trophic status 
of any water body (Golterman, 1967). It can be said that the type of sediment 
is an indicator of the water quality, the latter depending to a certain extent 
upon the composition of the sediment. Hence, sediments are considered as 
the deciding factor for the limnological characteristics of overlying water 
(Hynes, 1964 and Banin et al., 1974). Depending upon the limnological 
conditions, the sediments can act both as source as well as sink for the 
nutrients and other elements (Thornton et al., 1995). 
A scientific appraisal of a given water body with reference to the 
sediment and the communities inhabiting the sediment is of importance for its 
proper management as well as for the full exploitation of its biological 
productivity. It is for this reason that several scientists have paid attention 
towards understanding the benthic environment and the communities inhabiting 
it (Michael, 1964;Tonapi, 1971; Mandal and Moitra, 1975;Pahwah, 1979; 
Balkrishnan, etal., 1984; Cohen, 1986; Barbhuyan, 1988; and Barbhuyan 
and Khan, 1992, 1994). 
At the bottom of the water body, the organisms inhabiting the region 
defined as the solid-liquid interphase depend entirely on, or are occasionally 
associated with, the aquatic sediments. These organisms which are collectively 
referred to as benthos (Hutchinson, 1967. Parson^e^ a/., 1977), move on 
the sediments and burrow into it and live and breed there. Being not restricted 
to a definite niche, they move freely throughout the basin of a given water 
body. Benthos may include the representatives of various groups of the Plant 
and Animal Kingdom, but a given habitat may be characterized by a few 
dominant species. 
The benthic organisms form the basic food for many culturable bottom 
feeding fishes (Vijaykumar e/ al., 1991 and Walker e/ al., 1991). Therefore, 
the information regarding the ben^thic communities of any given water body 
is of great significance in the management of fisheries. The benthic invertebrates 
have also been used as indicator of lake fertility (Brinkhurst, 1974). These 
invertebrates have also been used as a basis for classifying lakes (Johnson 
et al., 1990). 
The distribution, density and biomass of benthic organisms depend 
on the nature of the sediments besides various physico-chemical characteristics 
of water and biological complexes such as food, predation, breeding etc. 
Those benthic forms which are sedentary, have a long life span and show 
varying tolerance to stress habitats , are considered to be the most reliable 
indicators of organic pol lut ion (Webber e /a / . , 1989). 
An examination of the literature reveals that a good amount 
of work on benthic environments has been done outside India (Steele and 
Baird, 1968; Gargas, 1970; Fenchel and Straarup, 1971; Osborne et al., 
1976; Elliott and Drako, 1981; Rosillon, 1985; Anderson and Day, 1986; 
Cohen, 1986; Kornijow, 1988; Welch era / . , 1988; Michalkiewicz, 1991; 
Saltveit et al., 1994; Xie and Zhou, 1994; Slepukhina, 1995 and Lin and 
Chen, 1996). In India, very few attempts have been made so far to study 
the benthic environment. Notable contributions are those of Michael (1964, 
1968b), Tonapi (1977), Mandal and Moitra (1975), Pahwah (1979), Balkrishnan 
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et al. (1984), Bharbhuyan (1988), Pandit et al. (1991) Barbhuyan and 
Khan (1992, 1994), Raju (1993), Chatterjee (1994), Srivastava el al. 
(1995) and Khan et al. (1996). However, most of the above mentioned 
studies have been conducted on ponds, lakes and rivers, whereas those water 
bodies which receive effluents from thermal power plants have somehow 
escaped the attention. Outside India, such water bodies were studied by Langford 
(1971), Bellanand Desrosieres (1977), Verlaque (1977), Cole and Kelly 
(1978), Tine (1981), Evans (1983), Bamber (1984), Norton (1985), 
Shaughenessy e/fl/. (1989), Kress e/a/ . (1993) and Saltveit er a/. (1994). 
In India, sediments and benthos of the ecosystems receiving effluents from 
thermal power plants have, so far, been studied by Mehta and Mahto 
(1994) and Pervez and Pandey (1994) only. 
4.2 MATERIALS AND METHODS : 
Samples of sediments were taken regularly at monthly intervals for 
21 months from June, 1995 through February, 1997. The sampling was done 
by dragging bottom mud scraper at the bottom of the reservoir with the help 
of a tow line. The samples from the four fixed stations (Fig.-l) were taken 
and analysed for colour and temperature at the site. For the remaining analyses, 
the sediment samples were stored in polythene bags and were brought to the 
laboratory for the analysis of physical, chemical and biological parameters. 
4.2.1. Physical Analysis of the Sediments: 
Colour : The colour of the sediment samples was ascertained with the naked eye. 
Temperature: The Temperature of the sediments was measured with the 
help of a mercury thermometer graduated in degrees Celcius (°C). 
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Composition: The composition ofagiven sampleof sediments was determined 
with reference to the organic particulate matter (0PM) and inorganic matter 
(sand particles and fly ash) present in it. For separation of organic particulate 
matter from inorganic soil, the methodology of Michael (1984) was followed. 
4.2.2 Chemical Analysis of the Sediments: 
The chemical analysis of the sediments was done according to the method 
employed by Trivedy and Goel (1984). 
Potentia Hydrogenii (pH) : In order to find out the pH of a given sample 
of sediments, 20 g aliquot of air-dried sediments was taken. To this 100 
ml of distilled water was added without stirring till a glistening layer 
t 
appea^d on the surface of the sediment. After this, the sample was stirred 
well with the help of a glass rod in order to make a uniform paste of it. The 
pH of this mixture of sediment and distilled water was determined using 
a portable pen type digital pH meter. 
Alkalinity: The alkalinity of the sediment was determined by direct titration 
of the sediment extract with 0.025 NHCl using phenolphthaleinand methyl 
orange as indicators. 
Available Phosphorus: Phosphorus present in the sediment was determined 
as available-phosphorus by extracting it from the sediment with 0.002 N 
H^SO^ (1 soil: 200 H^SO^). Soluble phosphorus in the sediment extract 
was estimated by colorimetric method as described for water analysis for 
phosphate-phosphorus under materials and methods in chapter III of the present 
thesis. 
Nitrate-Nitrogen: For estimating NO^-N , a 50 g aliquot of air-dired 
sediments was taken in a 500 ml flask to which 250 ml of nitrate extraction 
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solution was added to obtain a sediment extract. This sediment extract was 
subjected to estimation of NO,-N by using phenol-disolphonic acid method 
as described by Trivedi and Goel (1984). The following formula was 
employed to calculate the quantity of NO3-N in the sediment: 
NO - N mg/L of sediment extractxV 
N O - N = X 1000 
(mg/L) 1000 X S 
Where, V= volume of total sediment extract perpared (mL), and 
S= Weight of sediment taken. 
Exchangeable - Ammonia : Ammonium ions present in the exchangeable 
complex of sediment can be extracted in acid medium. Ammonia present 
in this sediment extract is then determined by colorimetric method as described 
by Trivedy and Goel (1984). Readings for O.D. were noted at 425nm. using 
aBausch and Lomb spectrophotometer. The concentrat ion was found out 
with the help of a standard curve, and calculat ions were made using the 
following formula: 
Exch.-NHj = X X 1000. 
NH3N mg/L sediment extractxV 100 
X 
(mg/lOOg)^' lOOOOxS 100-M 
Where, V = Volume of total extract prepared (mL), 
S - Weight of the sediments taken (g), and 
M = Moisture content of the sediments. 
Organic Matter: The organic matter present in the sediments was determined 
by employing Walkley and Black's method as given in Trivedy and Goel 
(1984). But this method is known to have certain limitations, for example, in 
most cases the proteins remain unaffected by this method. Therefore, the 
recovery of carbon is only about 60-90% of the total organic matter. 
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depending upon the kind of subtances in the sediment. 
For estimating organic matter in the sediments, a5 g sample of oven-
dried sediment was passed through a 0.5 mm standard steel sieve. After 
this the sample was put in a 500 ml conical flask and 10 ml of IN Potassium 
Bichromate (K^Cr^O,) solution and 10 ml of concentrated Sulphuric Acid 
were added to it. The contents of the glass were mixed thoroughly by gentle 
swirling. The mixture inside the flask was then kept for 3 0 minutes in order 
to give time for the completion of the chemical reaction. After this 200 ml 
of distilleid water and 10 ml of concentrated Phosphoric Acid were added 
to the mixture. Using 1 ml of Diphenylamine as indicator, the entire content 
of the glass were then titrated with 0.4 N Ferrous Ammonium Sulphate. A 
blank was also run using the same quanti t ies of chemicals but without 
sediments. Calculations were made by using the following formulae : 
A) % C = 3.951 ( l -TS) /g 
B) % organic matter = % C x 1.724 
Where, g = weight of sample (g), 
S = Ferrous Ammonium Sulphate solution used in blank 
t i trat ion (mL),and 
T = Ferrous Ammonium Sulphate solut ion used in 
sample titration (mL) 
4.2.3 Biological Analysis of the Sediments : 
For the purpose of sampling of benthos several types of bottom 
samplers have been described so far (Welch, 1952 and Michael , 1984). 
The use of these samplers depends upon the nature of the bottom, the depth 
of the water body and the nature of the s tudy. 
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In the present study, a bottom mud scraper tied to a tow-line was 
used to collect the samples from all the four stations. These samples were 
used for making both qualitative and quantitative studies on the benthic 
organisms of the leachate reservoir. Following the description provided by 
Michael (1984), the mud scraper was made indigenously with the help of a 
small tin bucket 15 x 10 cm in size, in whose bottom plate small holes had 
been drilled. Two holes which were opposite each other were drilled near 
the upper region of the bucket also for tying a strong graduated plastic rope 
to the bucket. A weight was attached to the lower surface of the bucket 
in order to keep it tilted horizontally during its operation along the bottom. At 
that point where the weight was attached to the bucket, a twisted wire was 
fixed with the bucket in order to form a loop for fixing the tow -line. The 
holes present at the bottom of the bucket allowed for the drainage of excess 
water collected in the bucket. 
The benthos samples were analyzed under an inverted microscope 
(Metzer) following the works of Edmondson (1959), Needham and Needham 
(1962) and Pennak (1978). 
4.3 RESULTS AND DISCUSSION 
In an ecosystem the biological activities are influenced by a number 
of abiotic factors (both physical as well as chemical), some of which are natural 
factors and, therefore, beyond human control, while others are caused by humans. 
4.3.1 PHYSICAL CHARACTERISTICS 
Colour: In a water body the colour of the sediment depends on the type 
of soil anc the deposition of both autochthonous as well as allochthonous 
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substances. In the present study, the colour of the sediment varied from one 
station to another. It was found to be black at station S-1, blackish muddy 
at S-2, muddy green at S-3 and greenish muddy at S-4 (Table 4.1). No 
seasonal change in colour was recorded except that it became a shade lighter 
at all the stations for a brief period during the monsoon months. 
The above mentioned variations in the colour of sediment samples 
collected from stations S-1, S-2, S-3 and S-4 of the reservoir were found to 
be due to the flow of fly-ash rich HTPP effluents within the reservoir. The 
black colour of the sediment at S-1 was due to the fact that it is at this 
station that the fly-ash rich effluent enters the reservoir and a large proportion 
of the fly-ash gets deposited at the bottom of the reservoir there, thus 
imparting black colour to the sediment. As a result of their studies conducted 
in Panchet Reservoir (Bihar), Mukherjee et al. (1986) have also reported 
that due to continuous deposition of fly-ash, the reservoir bed was blan^keted 
with a black coating. As noted in the present study, the reduction in blackness 
of colour of sediments, as one goes further down-stream from S-1, is due to 
the fact that gradually the amount of fly-ash present in the flowing water, and 
hence its corresponding deposition at the bottom of the reservoir, gets reduced. 
However, the muddy green colour of the sediment at S-3 was due to the 
settling down of dead Lemna minor there. As was noticed throughout the entire 
period of the present investigations, L. minor was found blooming at S-3. 
Composition : The composition of bottom sediments which is known to 
influence the density and distribution of benthos, was found to vary both temporally 
and spatially. Hynes et al. (1974) and Barbhuyan (1988) have also 
reported seasonal as well as station-wise variations in the composition of 
bottom sediments. 
75 
Details of the distribution of organic and inorganic substances and their 
percent composition are presented in Table 4.1. In brief, bottom sediments 
consisted of organic and inorganic substances including detr i tus , sand, 
clay, silt , mud and fly-ash. Inorganic substances whose major constituent 
was the fly-ash, formed the bulk of sediments. 
Percent composition of sediments with regard to the organic and inorganic 
matter varied such that the sediments were made of almost 100% inorganic 
matter at S-1 during July and November 1995 while they were about 74% 
of a given sample being of sediment collected at S-3 during Dec , 1995 and Jan., 
1997 with the remaining 26% of the sample the organic particulate matter. The 
trend of distribution of inorganic matter in sediment samples collected at the 
four sampling stations was found to be S-1 >S-2> S-4> S-3.As mentioned 
above, at station S-1, the sediments were almost entirely made by the inorganic 
substance. This was due to the sett l ing down of a large amount of fly-ash at 
that station. The lowest value of percent contribution of inorganic substances 
in the formation of sediment at S-3 may be due to the fact that at that station, 
a large amount of organic particulate matter is added to the sediments due to 
the natural process of decomposition of the dead fronds of Z,. minor which are 
found there. At station S-4, low values of inorganic matter can be related 
to maximum distance of this s tat ion from the place of entry of HTPP 
effluents into the reservoir. It is a result of this distance existing between the 
place of entry of effluents and the station S-4 that most of the fly-ash gets settled 
by the time the water reaches there. 
Percent composition of organic particulate matter (OPM)exhibited 
temporal as well as spatial variation. Its values ranged from below detection 
level (BDL) as noted in July and November 1995 at station S-1 to a maximum 
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of 26% at S-3 as recorded during December, ] 995 and January, 1 996. The 
trend of variations noted between the stations was S-3> S-4> S-2> S-] 
(Table 4.1). 
The highest content of 0PM noted at S-3 may be due to the release of 
organic material as a result of the decomposition of bodies of those L. minor 
which settle down there on death. It may be recalled that L. minor found to 
persist in large number at S-3. Subramaniam and Thomas (1993) have also 
observed high 0PM contents due to high rate of decomposition of Lemna 
fronds in a drainage channel in reclaimed wetlands in U.K. High contents 
of organic matter present in the sediments at S-3, made the sediments more 
soft and flocculant. Bharbhuyan and Khan (1994) have reported soft 
bottom in a water body which had high percentage of organic particulate 
matter accumulated therein the form of unutilized buffalo feed and animal 
excreta which were drained into it from a nearby dairy farm. 
Temperature : The temperature is also known to play an important role in the 
distribution and abundance of benthos. Monthly readings of the temperature of 
sediments for 1995-96 and 1996-97 are given in Table 4.1. Lowest temperature 
recorded for sediments samples was 21.5°C during Dec , 1995 at S-2 and 
during Feb., 1997 at S-3. The highest temperature recorded was 32.5°C at 
S-1 during June, 1995. Highest sediment temperature at S-1 could be due 
to the fact that this station receives warm effluents from HTPP. High 
sediment temperature at S-3 was mainly due to biogenic activity of microbes 
in the organic matter rich sediments. Barbhuyan and Khan (1994) have also 
reported similar findings in their studies in an eutrophic water body. The 
lowest sediment temperature at S-4 was primarily due to the water being 
deepest here. Banerjee (1975) and Bhattacharjee (1994) have also reported 
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decrease in sediment temperature with increase in the depth of the water 
body. Additionally, however, it could also be due to the fact that this station 
being farthest in location from the place of entry of effluents at S-I. As the water 
runs away from S-1 its temperature gradually decreases. Since the temperature 
of water influences the temperature of the sediments, there is a corresponding 
decrease in the temperature of sediments also. A significant positive correlation 
was found to occur between the surface water temperature and the temperature 
of the sediments, thereby indicating that the former influences the latter. The 
values of coefficients of correlation (r) at p < 0.05 were found to be 0.41, 0.88, 
0.92 and 0.91 at station S-1, S-2, S-3 and S-4 respectively. 
4.3.2 C h e m i c a l Character i s t i c s : 
The chemical composition of the bot tom deposi ts on the one hand 
affects the benthic organisms and is, in turn, affected by them, and on the 
other hand it influences the quality of the overlying water (Hynes, 1964 and 
Banin et al., 1974). Therefore, in view of the b io logica l processes going 
on in the benthic environment, it was thought necessary to study the 
chemical composition of the sediments of the leachate reservoir . 
Potentia hydrogenii ( p H ) : pH of the sediment of the leachate reservoir 
showed wide seasonal fluctuations (Table 4.1). The values ranged from 
7.2 as noted in Aug., 1995 at S-4 to 9.1 as noted in June, 1996 at S-3. 
At station S-1, the lowest value of pH was recorded as 8.6 in August , 1995 
and the highest value was 9.1 in June, 1996. At s ta t ion, S-2, the lowest 
value of pH was recorded as 8.0 in Aug., 1995 and the highest value was 
8.7 in June, 1996. Similarly at S-3, the lowest value of pH was recorded 
as 7.3 in August , 1995 and the highest value was 8f9 in'.June, 1996. At 
S-4, the lowest value of pH was recorded a^7.2 in Aug. 19^5 Vhile the 
•"( Ace. Nu y\^ 
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highest value (8.1) was in June, 1 996 and also in February. 1997. Jakher 
(1980), Barbhuyan (1988) and Singhal (1 991) have also reported seasonal 
fluctuations in the pH of the sediments. However, Bohra (1976), Khatri 
(1980), Saxena (1982) and Mehrotra (1988) did not find any such seasonal 
fluctuation in the pH of the sediments in the studies conducted by them. 
A comparison made between monthly readings of the pH of the sediments 
at the four stations with the corresponding readings of pH of the surface water 
recorded at those stations reveals that the pH of the sediments at any given station 
was always higher than the pH of the surface water there. The alkaline nature 
of the fly-ash has been demonstrated by Matens (1971), Moliner and Street 
(I 982) and Srivastava et al. (1995). The presence of fly-ash in the sediment 
found at all the four stations and decomposition products of the organic matter 
at S-2, S-3 and S-4 are considered here as the chief factor responsible for the 
high pH of sediments collected at those stations. The contribution of the decomposition 
products of the organic matter in increasing the pH of sediments was highest 
at S-3 because compared to the remaining three stations S-3 has the highest 
density of phytoplankton and also has a persistent population of L. minor. 
Alkalinity : During the present investigations, phenolphthalein alkalinity 
was found to be absent in the sediments of the reservoir. Therefore, total 
alkalinity present in the sediment could be attributed to the bicarbonate ions 
only. Barbhuyan and Khan (1994) have also reported similar findings. A 
comparison of their corresponding readings reveals that bicarbonate contents 
recorded in sediments were lesspf than the bicarbonate contents found in water. 
The observed fluctuations in the total alkalinity of the sediments of 
the reservoir were between 34 mg/1 OOg as recorded at S-4 in August, 1995 and 
69 mg/1 OOg as recorded at S-1 in June, 1996; with former reading being due 
to the presence of least amount of fly-ash at S-4 and the latter due to the inflow 
of the effluents from HTPP and hence maximum amount of fly-ash at S-1. The 
total alkalinity was high during summer and low during the rainy season 
(Table 4.1). Jakher (1980) and Singhal (1991) have also reported similar 
findings. 
Available - P : In a water body, the phosphorus cycle is better understood 
in the sediments than in the water because the sediments have only one active 
layer, the sediment-water layer. Phosphorus and nitrogen have long been 
considered important in assessing the trophic nature of lakes. Both are 
concerned with the eutrophication of lakes. Sediments act as a reservoir 
of phosphorus and, therefore, reflect the relative fertility of the aquatic 
ecosystems. In a water body, phosphorus occurs in organic as well as 
inorganic form. Its release from the sediments depends upon the composition 
of the sediments. Phosphorus content of sediments directly^ffects primary 
productivity. The affect of the phosphate content on the benthic invertebrates 
is indirect in the sense that these invertebrates feed on the primary producers. 
Jhingran (1991) stated that it is the availability ofphosphorus rather than 
its amount which is of importance to aquatic organisms. 
As for the variations recorded in the concentration of available-P in 
the sediments, its concentration ranged from 0.29mg/100g of sediments as 
noted at S-4 in February 1996 to 0.99mg/100 g of sediment as noted at 
S-3 in June, 1995. The pattern shown by the values of available-phosphorus 
was S-3 > S-4 > S-2 > S-1. At all the stations, maximum values of available 
phosphorus were recorded during the summer months while minimum values 
were observed during winter months. 
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Compared to other stations, the relatively high values of available-phosphorus 
recorded at S-3 could be due to water there being not so deep as at S-4 and 
S-2 and arelatively high percentage of decomposing organic matter present 
at that s tat ion. Goldman and Home (1983) have also reported similar 
f indings. The maximum values of available phosphorus during the summer 
months of both the years during which this study was conducted may be due 
to temperature-aided decomposition of organic matter which resulted in the 
release of phosphorus and its accumulation in the sediments. 
During the present investigations the values obtained for the available 
phosphorus present in the sediments were comparable to those obtained for 
the total phosphorus present in the water of the leachate reservoir (Table 
3.07 and 4.2). These findings are indicative of the fact that the total -P 
c o n c e n t r ^ o n in the sediments was higher than the total concentration of the 
surface water of the reservoir. The occurence of relatively higher content of 
phosphorus in the sediments as compared to the surface water may be due 
to the deposition of fly-ash on the sediments causing an increase in the silt 
fraction of the sediments (Bamber, 1984). Vyas (1994) reported that in 
the sediments, phosphorus has positive relationship with clay and silt particles. 
Singhal (1991) has also observed maximum concentration of phosphorus 
on silty substratum. 
Nitrate-N : Protein and other nitrogenous substances contained in plant 
and animal remains are the main source of nitrogen present in the sediments. 
When incorporated in the sediments, the dead plants and animals are decomposed 
by micro-organisms resulting in the release of simple nitrogen forms.In the 
sediments, the decomposition of the nitrogenous matter taking place under 
aerobic conditions leads to the release of nitrogen there in the form of 
Nitrate-Nitrogen (NO3-N). 
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Nitrate -N concentration showed spatial and temporal fluctuation. At 
all sampling stations, high concentrations of NO,-N were found during summer 
months, while its low concentration was recorded during post-monsoon months. 
However, the trend observed was S-3> S-4> S-2> S-1. Relatively high 
values of NOj-N recorded at station S-3 may be due to the decomposition 
of organic matter which is present there in the form of dead Lemna fronds 
and phytoplankton. Low values of NO^-N recorded at S-1 may be due to 
relatively low amount of organic matter present there. 
Exchangeable- NHj: The decomposition under aerobic conditions of the 
nitrogenous matter present in the sediments leads to the production of 
ammonia which is readily dissolvedin water to form ammonium hydroxide 
which occurs in undissociated form as NH, and in dissociated form as NH/ . 
3 4 
Of these two, while NH3 is toxic to aquatic organisms, NH^^  is taken-
up by phytoplankton and other aquatic plants (Toetz, 1971). 
Both temporal and spatial variations in the values of exchangeable-NHj 
were noted. Its highest value (0.44 mg/1 OOg), was recorded at S-3 in June, 
1995 as well as June, 1996 while it was found to be below detection level 
in Nov., 1995. High values of exchangeable-ammonia during summermonths 
at station S-3 may be due to the decomposition of the dead L. minor and 
other aquatic organisms there. The relatively high temperature during that 
period intensified the process of ammonification. Its low values noted at 
S-1 during winter may be due to relatively low amount of organic matter 
present at that station as well as low environmental temperature during that 
period due to which the process of ammonification got slowed down. 
Organic matter : All aquatic ecosystems have a certain amount of organic 
matter whose accumulation in the ecosystem is either autochthonous or 
allochthonous or both. This accumulated organic matter is decomposed by 
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the action of micro-organisms, resulting in the release of nutr ients to 
support the entire chain within the trophic level, and thus, the decomposition 
of organic matter modifies the chemistry of the benthic habitat. The organic 
matter present in the sediments is used by organisms as a unique source 
of energy and carbon for their metabolism by conver t ing it into simple 
inorganic forms (Fenchel and Jorgensen, 1977). The accumulat ion of 
organic matter also decreases the depth of the water body and increases 
the fertility thereby causing high productivity which may ultimately lead to 
the eutrophication of that water body. 
Quantitatively, the organic matter varied temporally as well as spatially. 
While it was below detect ion level (BDL) at S-1 in some months, it was 
recorded to be in gre j^ter amount (1.62% in Dec , 1995) at S-3. The trend of 
the disribution of organic matter at different stat ions was S-3 > S-4 > S-
2 > S-1 (Fig. 4.1). 
The percentage of organic matter was observed to be relatively high during 
winter and low during summer months (Table 4.1 and Fig . 4.1). Hynes et 
al. (1974) have also reported seasonal variations in organic matter. Low 
values of organic matter recorded at all the four stations during summer were 
due to the increased decomposition of organic matter under the influence of high 
temperature. Vyas (1994) has also reported high organic content during 
winter, while Singhal (1991) reported high percentage of organic matter 
during winter and rainy season. According to Dermott et al. (1986), the 
organic matter present in lake sediments may be part ly due to refractory 
debris from terrestrial sources. At S-3, where L. minor fronds existed, the 
values of organic matter were the highest of all the four stations. At S-2, 
S-3 and S-4 a significant negative correlation was found to exist between sediment 
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temperature and organic matter content (at S-2 : r = -0.90, p < 0.05; at 
S-3 : r - -0.89, p < 0.05 and at S-4 : r = -0.62, p < 0.05). An insignificant 
correlation being obtained at S-1 could be due to very little amount of the organic 
matter present at that station. Despite the fact that large proportion of I . minor 
fronds remain buoyant on death and decay on the surface of the water itself, 
those others among them which settle down at the bottom accumulate there as 
dead organic matter and release ions and organic compounds on decomposition. 
In addition to the accumulation of dead Lemna organisms, the comparative 
shallowness of the reservoir at station S-3 could also be the reason behind 
the high values of organic matter noted there. Stumm and Morgan (1970) 
have also reported high organic content in shal low parts of the lake. 
However, Kemp (1971) found the quantity of organic matter in the sediments 
to be independent of the depth. 
BIOLOGICAL CHARACTERISTICS - BENTHOS 
The term 'Ben thos ' encompasses plants and animals l iving on the 
bottom of a water body. They serve as link in the food web of all trophic 
levels and play an important role in the decomposer food chain which, in 
turn, affects the cycling of minerals (Gardener et al., 1981; Pandit , 1984). 
They also act as indicator organisms in the sense that whatever material is 
added to a water body enters it as the suspended waste which immediately 
sinks to the bottom and decomposes there releasing substances which have 
varying effect over the benthic organisms thus causing a change in their 
composition (Jumpanen, 1976; Chatterjee, 1994). Parsons et al.{\911) 
have reported that the spatial dispersion of the popula t ion of a species is 
a fundamental character is t ic of that species which reflects its behaviour 
relative to the environmental pressure. The abundance of a species and the 
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distribution of its population depend upon its adaptation to the environment. 
Various workers have studied distribution and abudance of benthic organisms 
indifferent water bodies (Rao e^  a/., 1987; Robbins, 1989; Wones and Larson, 
1991; Barbhuyan and Khan, 1992, 1994; Bass, 1992; Chatterjee, 1994 and 
Gupta and Shukla, 1996). But no information regarding the benthos of such a 
leachate reservoir which receives effluents from a coal-fired thermal power plant 
is available so far. The present study is an attempt made in the direction of fulfilling 
this need. The results of this study are given below. 
TOTAL BENTHOS : 
Monthly variations in the abundance of benthos revealed their highest 
number to be present in June, 1995 as well as June, 1996. Their number was 
found to be lowest in December, 1996. Higher numerical strength of benthos 
in summer was mainly due to relatively higher rate of decomposition of 
organic matter under the influence of high temperature. The relationship 
between the rate of decomposition of the organic matter and temperature has 
already been discussed in the preceeding pages of this thesis. The relatively 
low number of benthos was noted during winter in Dec , 1996 (Table 4.3, 
4.4., 4.5), may be due to the reduction in the rate of decomposition of organic 
matter under the influence of low temperature which resulted in a decrease in 
the amount of nutrients which were required for the growth and proliferation 
of benthic organisms. 
It can be made out from the above discussion, that temperature as 
well as the availability of food (organic matter), which are themselves 
significantly correlated as indicated above under the heading 'Organic Matter', 
have a marked influence on the proliferation of benthos. At all the three 
85 
stations (S-2, S-3 and S-4) where benthos were found to be present, a 
significant negative correlation existed between the density of benthos and 
the organic matter present in the sediment, (at S-2: r = -0.86, p < 0.05; 
at S-3: r = -0.90, p < 0.05, and at S-4: r = -0.72, p < 0.05). This could be 
explained by the utilization of organic matter by the benthos during their 
growth and proliferation. Nduku (1976) has also reported that whatever 
little organic matter accumulates in the sediments is utilized by the benthic 
fauna. Ansari and Parulekar (1981) were also of the view that organic 
matter in the sediments act as a source of food supply for benthic invertebrates 
which ingest mud directly. At these three stations (S-2, S-3 and S-4), a 
significant positive correlation existed between the density of benthos and 
the sediment temperature (at S-2: r = 0.86, p < 0.05; at S-3: r = 0.83, p 
< 0.05, and at S-4: r = 0.48, p < 0.05), thereby indicating the importance 
of high temperature in the increase in benthic population. 
Among those workers who have tried to study the influence of temperature 
and food on the abundance of benthos, Michael (1968) discussed the influence 
of temperature and food as the probable causes for the peaks in the 
abundance of benthos. Sauders et al. (1975) and Wahab and Stirling (1991) 
have reported direct relationships between organic matter and benthos. 
Regarding the temporal distribution of benthos, the findings of various 
workers are not consistent. Cole (1965) has reported maximum population 
density of benthos during summer months in Lake Minnesota, U.S.A. Mandal 
and Moitra (1975) and Gupta and Pant (1990) have observed the peaks of 
benthos in summer and winter, whereas Srivastava (1956) recorded the 
minimum counts of benthic population in January and the maximum counts 
in August. Vasisht and Bhandal (1979) observed peaks of benthos in summer 
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and monsoon months. Barbhuyan and Khan (1992) reported highest number 
of benthos in February and lowest in December. However, Darlington 
(1 977) found no seasonal change in the benthic population in lake George, 
Uganda. 
Stationwise analysis of the data reveals that station S-1 does not 
contain any benthos probably because of the fact that this station has only 
fly-ash dominated sediments with no green aquatic organism and organic 
matter present which can form the food of benthos. The major inhibitory 
effect of fly-ash substrates on the benthic organisms is due to the lack of 
organic content in the ash (Bamber, 1989). Chatterjee (1994) has reported 
disappearance of benthic communities at the point of effluents discharge 
from Talchar Thermal Power Station (TPS) in the Brahmani river water 
, Orissa, India. Bamber (1984) has reported reduced benthic fauna densities 
at the centre of ash dumping. Norton (1985) reported that fly-ash dumping 
area showed severe depletion of benthos both in terms of species and 
abundance. Kress et al. (1993) reported that disposal of coal fly-ash 
resulted in severe impoverishment of the benthos in the disposal area. 
Saltveit et al. (1994) have reported much lower benthic densities in the 
immediate vicinity of the power station discharge. On the other hand, Evans 
(1983) suggested that power plants have negligible effect on the benthic 
communities. 
At the remaining three stations where benthos existed, the percent benthos 
composition showed variations (Fig. 4). Higher percentage of benthos, noted 
at station S-3 (510 to 740 No./m^), may be due to more organic matter 
present in the sediment at that station. Dimitrov(1959), Solem(1973), Sokolva 
and Izvekova (1986), Wahab and Stirling (1987), Wones and Larson (1991) 
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and Barbhuyan and Khan (1994) have also stressed the impor tance of 
organic matter in increasing the number of benthos. 
In comparison to S-3 the low density of benthos (Fig. 4.4) observed at 
S-2 may be due to the presence of relatively little amount of organic matter and 
accumulation of more fly-ash from HTPP at that station. Bamber (1984) , 
Norton (1985), Kress etal. (1993) and Saltveit (1994) have reported the 
ill effects of fly ash on the benthos . At station S-4, the low densi ty of 
total benthos (496 to 548 no./m^) as compared to S-3 (510 to 740 No./ 
m^) may be because of relatively little amount of organic matter and more 
depth of water at that station. Schurtema and Powers (1966), Powers and Alley 
(1967), Sauders and Hessler (1969) and Odum (1971) have reported the 
phenomenon of decrease in total benthos with increase in depth. 
MAJOR GROUPS : 
The main groups constituting the benthos of the leachate reservoir 
include insects, gastropods, o l igochaetes , ostracods, rotifers and 
miscel laneous. Mean percent compost ion of various groups of benthos 
in the leachate reservoir revealed that insects which were upto 63.46% of 
the total benthos, constituted the bulk (Fig. 4.4). Mentioned in the order of 
their abdundance, other groups found there were oligochaetes, rotifers, ostracods, 
gastropods and miscellaneous organisms. Evans (1983) in his s tudies on 
benthic and epibenthic community structure in the vi^cinity of a power plant 
showed that the benthic community was dominated by the macrobenthos. 
However, Cole and Kelly (1978) observed the dominance of tubific.ds and 
chironomids near the thermal discharge of a large power plant in western 
Lake Erie . 
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Insects : Among the major groups of benthos encountered in the present 
study, insects were found to be highest (63.46%) in the month of D e c , 
1995 at S-2 and lowest (30.34%) in Feb., 1996 at S-3. At station 
S-2, the insect abundance was found to vary between 63.46% in Jan., 1996 
arid 44 .93% in Sept . , 1996. At S-3, it varied from 30.34% in Feb. , 1996 
to 44.56% in July 1996 and at S-4 from 31.16% in Feb, 1996 to 44.15% 
in June, 1996. Percent values of insect population for these three stations are 
given in Fig. 4.4a,b,c. 
Among various groups of benthos, the dominance of insects seems 
to be due to their tolerance to the leachate reservoir habitat where the fly-
ash generally dominates the sediments. Bamber (1984) in his studies on the 
benthos of a marine fly-ash dumping ground also reported the replacement 
of natural benthic fauna by species more tolerant to poor sediments. 
Barbhuyan (1988) also found that the insects consititutedthe major portion 
in the composition of total benthos. Saltveit et al. (1994) observed complete 
dominance of insects during their studies on the effect of changed temperature 
regime on benthos of a Norwegian regulated water. 
The benthic insect fauna was represented by the members of genera 
Corixa, Belostoma, Notonecta, Baetis and Chironomus. Among these, 
Chironomus was most abundant at all the sampling stations while Belostoma 
was the least abundant. The trend of abundance shown by different insect 
genera was noted as Chironomus > Notonecta > Baetis > Corixa > 
Belostoma (Table 4.3,4.4,4.5) . Abundance of Chironomus throughout the 
period of this study could be related to the shal lowness of the reservoir, 
presence of nutrient rich sediments and the feeding of chironomid larvae on 
decaying Lemna fronds. Observations regarding the feeding of chironomid 
larvae on decaying Lemna. fronds is in agreement with he findings of Subramaniam 
and Thomas (1993). Ferguson and Fox (1978) have reported that the type 
of substratum, the amount of organic matter present in the sediment and the 
water level had a direct influence on the abundance of insects. Maeseneer 
et al. (1978) have also recorded a large population of insects from the 
shallower zones, which could provide better feeding grounds, well oxygenated 
area or a more suitable substratum. According to Brinkhurst (1974) and 
Subramaniam and Thomas (1993), Chironomus larvae are detrivores, 
whereas Yadav et al. (1995) have reported that they are carnivore to 
herbivore depending upon the species they belong to. Regarding their being 
present in large number, the rapid larval development of Chironomids may 
be the reasonbehind their large population (Cowell and Vodopich, 1981). 
Generally, Chironomid larvae constitute a major part of macrobenthic fauna 
in all kinds of inland waters and are usually wide spread and abundant, 
serving as agood indicator of environmental conditions (Armitage et al., 
1987 and Devai, 1990). 
Oligochaetes : Among annelids, oligochaetes form the most important 
group of benthic population.They were the second most abundant and 
dominant group of benthic population after insects (Fig. 4.4a,b,c). In their 
studies on various water bodies in Britain, Learner et al. (1978) reported 
that this group of aquatic worms was widely distributed and quite abundant. 
Similar observations regarding them have also been recorded by Barbhuyan 
and Khan (1992). Their dominance may also be attributed to the increase 
in silt fraction of the sediments. As pointed out by Bamber(1984), continuous 
ash dumping increases the silt fraction of the sediments: a condition which is 
similar to the situation found in HTPP reservoir. Vyas (1994) has also reported 
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that ol igochaetes preferred silt dominated sediments. 
The maximum oligochaete density was observed at station S-3 (131 
No./m^) during July, 1996 (Table 4.4) which could be due to high contents 
of organic matter accumulated on the sediment at that station in the form of 
dead and decaying Lemna fronds. Subramaniam and Thomas (1993) have 
reported oligochaetes asdetrivores. They have found that the oligochaetes 
feed mainly on the decaying Lemna fronds. Barbhuyan and Khan (1992) 
also reproted that the general spatial distribution pattern of o l igochaete 
worms seemed to favour areas with low oxygen and high organic content . 
Low densi t ies of oligochaetes at S-4 (56 No./m^) during September, 1995 
and at S-2 (2No./m^) during December, 1996 were probably due to the 
biological disturbances caused by the pollution due to release of effluents 
and fly-ash from HTPP. Wiederholm (1987) also reported low abundance 
of oligochaetes from a water body having heavy metal pollution and facing 
some biological disturbances. Further, the observed dominance of Tubifex 
among oligochaetes was probably due to both the absence of predat ion and 
high organic content in the sediments as these sludge worms are known to 
feed mostly on bacteria present in the sediments upto 10 cm below the 
sediment surface (Brinkhurst, 1974). 
Among oligochaetes, Tubifex, Nais, Aelosoma and Chaetogaster 
were found to be present throughout the study period. But their occurrence 
was not uniform. Tubifex was most abundant of them while Chaetogaster 
was least abundant (Table 4.3 to 4.5). However, Cowell and Vadopich 
(1981) have found uniformity in the abundance of oligochaetes throughout 
the year. 
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Further, it can be said that the complex interactions of environmental 
factors may delimit the microhabitat and. probably, the species composition 
of oligochaete fauna. 
Rotifers : Rotifers formed another important benthic group after insec ts 
and oligochaetes. They were present in maximum number in summer and 
minimum during winter (Table 4.3 to 4.5). Regarding the var ia t ion in their 
number, their presence in large number during summer may be a t t r ibuted to 
the extended day-light condition in that period of the year and its effect on 
the hatching of eggs leading to the production of young ones (Minkoff et al., 
1983). Their reduced dominance during winter may be due to substantial 
and high selective nature of cladoceran and cyclopoid predation on rotifers 
(Williamson, 1983). 
Among the rotifers, Filinia was found to be most abundant while 
Keratella was least abundant at both S-2 and S-4. At S-3 Brachionus was most 
abundant. This may be due to the presence of comparatively high amount of 
organic matter at S-3. Its role as indicator of organic pollution has also been 
reported in the past by Mathew (1975), Rao and Mohan (1977), Haque et al. 
(1988) and Haque, (1991). At S-1 rotiferlikeallother benthic organisms were 
alsoabsentbecauseof presence of pollutants, relatively high water temperature 
and complete lack of primary producers. 
Ostracods : Commonly known as seed shrimps, ostracods cons t i tu te an 
important group of benthic population. Their number varied from 3 No./m^ 
at S-2 to 112No./m='atS-3 in August 1996. Mehrotra (1988) also observed 
maximum numbers of ostracods during monsoon months. Whereas, Sreevastava 
(1959) reported the absence of ostrocods population from Sept. to March. 
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Ostracods were represented here by members of only two genera, 
namely Centrocypris and Heterocypris. Density of the members of Centrocyprids 
ranged from 2No. /mMnDec. , 1996, Jan., 1996, 1997)to 76No./mMn Aug. 
1996, whereas density of the members of Heterocyprids ranged between 1 
No./m^asnotedin different months to 38 No./m^ in Apri l , 1996. Members 
of Centroyprids were more dominant of the two. Like oligochaetes, the ostracods 
also showed less pronounced temporal distr ibution (Table 4.3 to 4.5). 
The fluctuations recorded in the ostracod density at different stations 
during different months might be due to fluctuations in temperature which 
is regarded as one of the important factors affecting par thenogenesis in 
ostracods and their seasonal pattern of reproduction. High ostracod density 
noted at S-3 could be due to low depth of water at that s ta t ion. 
Gastropods : Among total benthos, gastropods contr ibuted a substantial 
percentage. Various environmental factors like depth, sustratum texture, 
submerged vegetation, chemical composition of the sediments and oxygen 
level influence the abundance and distribution of molluscs (Rai etal, 1981; 
Siegfried, 1984; Pandit e/a/., 1991; Singhal, 1991; Subramaniam and Thomas, 
1993; and Vyas, 1994). 
In the present study, gastropods were found to contr ibute 5.77% to 
12.96% of the total benthos during different months and at different stations. 
Fig. 4.3a,b,c. The group was represented by Vivipara, Lymnae, Pila and 
Corbicula, with Vivipara holding the highest share of them all. Corbicula 
was found to be absent during certain months at some s ta t ions . (Table 4.3 
to 4.5). 
Maximum population of Vivipara (46 No./m^) was recorded during 
June, 1996 at S-3 and its lowest population (1 No./m^) was found during 
93 
Jan., 1 996 at S-2. The numberof Lymnac. varied from nil inNov. & D e c , 
1996 at S-2 to 14 No./m^ in Jan. and Aug., 1996 at S-3. Pila was absent 
at S-2 in Nov. and D e c , 1995 and Jan. , 1996. It occurred in maximum 
number (19 No. /m^ ) at S-3 during Aug. , 1995. Corbicula was found 
absent in some samples collected in July and Oct., 1995 and Feb., 1997 at 
stat ion S-2 and in Jan. and Feb., 1996 at S-3. Its maximum number (17 
No./m^) was recorded during June, 1995 at S-3. The maximum density of 
gastropods during summer at all the sampling stat ions (Table 4.3 to 4.5), 
may be due to better trophic conditions, provision of suitable breeding and 
shelter ing sites and relatively little attack from predators. At S-3 it could also 
be due to the presence of Z,. minor throughout the year. Similar findings were 
also recorded by Pandit et al. (1991) in river Damodar, India. Importance 
of submerged vegetation inmaintaining high population densities of gastropods 
has also been stressed by Ra ie / a / . (1981), Siegfried (1984) and Singhal 
(1991) . Subramaniam and Thomas (1993) have reported that potential 
food of molluscan species includes l iving, senescent or decaying Lemna 
fronds and epiphyt ic algae as well as micro organisms. 
Miscellaneous Organisms : Among miscel laneous organisms, nematodes 
were also encountered and enumerated during the present invest igations. 
There are experimental evidences that nematodes stimulate mineralization 
of organic matter (Findlay and Tenore, 1982) and nutrient regeneration 
(Tiet jen, 1980) by grazing on bacteria and are in turn eatern by small 
crustaceans (LasserreeM/., 1976 and Feller, 1984), thus forming an importnt 
link between trophic levels. 
Maximum number of miscellaneous group as 50 No./m^ was noted at 
S-3 in Feb., 1996. It may be due to the high amount of organic matter at 
94 
that station which was in the form of decayed L. minor fronds. Barbhuyan 
and Khan (1992) have also reported that the density and d is t r ibu t ion of 
nematodes depend on the distr ibution of organic matter. 
In addition to nematodes, some other organisms were also col lected, 
but they could not be identified. They formed a sizeable quant i ty in the 
miscellaneous benthos. 
In conclusion it can be said that the observed monthly and stationwise 
fluctuations in the density of benthic fauna may be due to the fluctuations in 
environmental conditions, variations in the nature of the sediment, availability of 
food and variation in predation pressure. 
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PRIMARY PRODUCTION 
5.1 INTRODUCTION : 
Primary production is the first link in the trophic chain in which solar 
energy is trapped and converted into chemical energy. It is one of the 
most important parameters as far as pisciculture is concerned. Its knowledge 
provides us a better understanding of the trophic nature of a given water 
body. Estimation of the production potential of a given aquatic ecosystem 
is of interest to limnologists and fishery biologists. Based on production 
potentialities, water bodies can be categorised into oligotrophic, mesotrophic, 
eutrophic and dystrophic (Welch, 1952 and Goldman and Home, 1983). 
Freshwater resources of India constitute a total area of about 4.2 
million hectare. This includes rivers, lakes, reservoirs, tanks and ponds etc. 
which are available for pisciculture. However, most of these water bodies 
remain underutilized or even unutilized. Special mention may be made here 
of the leachate water bodies which can be used for aquaculture practices. 
Primary production has been used as a potential index of produc-
tivity of a given aquatic ecosystem (Wetzel, 1966). Several investigators 
have correlated abiotic factors with fish production (Rawson, 1955; Northcote 
b 
and Larkin, 1956; Sreenivasan, 1964), but, compared to them, primary 
production provides a better correlation with it (McConnel, 1963; Sreenivasan, 
1964 b; Melack, 1976; Hecky and Kling 1981). Moreover, the primary 
production is of importance in the process of self purification of polluted 
water bodies. In the phytoplankton rich water bodies, biological oxygen 
production is known to play an important role in the process of self purification 
(Knopp, 1968). 
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P r i m a r y p roduc t i on is based on the b i o c h e m i c a l p rocess 
of pho tosyn thes i s . This process comprises two part ial react ions: 
1 . Light Reaction in which adsorption of light energy by specific cell 
pigments and its conversion into the chemical energy of ATP and N ADPH 
takes place; and 
2 . Dark Reaction with NADPH and ATP as energy sources, where CO^ 
is reduced to form glucose while, s imultaneously, NADPH is reoxidized 
to NADP^, and ATP is broken down to ADP and inorganic phosphate. 
In the study of primary production, gross primary productivity, GPP 
(which reflects the rate of transformation of radiant energy to chemical 
energy and is the total production, i.e. production as well as respiration), 
net primary productivity, NPP (which is the net product ion after res-
pirat ion) and the community respiration, CR (which reflects the rate of 
loss of fixed energy in respiration) are of interest. Organic matter is ac-
cumulated when GPP exceeds CR. NPP can be used as an index of 
secondary product ivi ty (Brylinsky, 1980). 
Assessment of the primary productivity of a water body permits some 
estimates regarding expected trends of change in productivity under changing 
conditions, and is a prerequisite for the rational management of inland water 
bodies. The primary productivity can be best studied with the data on the 
production controll ing factors including both abiotic and biotic factors and 
the interactions among them. Several workers in the past have paid attention 
towards the influence of these parameters on the primary production: the 
influence of ni t rogen was studied by Moyle (1956), Hrbaeck (1969) and 
Goldman and H o m e (1983): the effect of a lkal in i ty and phosphorus, was 
studied by Wetzel (1975): the effect of total nitrogen, total phosphorus, con-
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ductivity. phytoplankton and chlorophyll was studied by Brylinsky and Mann 
(1973), the effect of inorganic phosphate, nitrate, t ransparency, tempera ture 
and pH was studied by Khan and Siddiqui (1971), Datta and Choudhury 
(1984) and Basheer (1991); and the effect of pH, free CO^ and a lkal in i ty 
was studied by Ayyappan and Gupta (1985). 
Planktonic primary producers which are one of the fundamental units 
of aquatic communities, are the major source of labile organic carbon. 
Phytoplankton primary productivity and chlorophyll- a biomass alongwith 
related biotic and abiotic parameters can be used as indicators of t rophic 
status and fishery resource potent ial of a water body. In the t ropical 
ecosystem, phytoplankton primary productivity and chlorophyll-a biomass have 
been investigated by Sreenivasan (1972), Khan and Siddiqui (1971), Melack 
(1980), Dokulil et al. (1983), Silva and Davies (1987) Basheer (1991) 
and Haque (1991). 
Chloryphyll-a content is a good indicator of the nu t r i ' .1 condit ions 
of a water body. Alongwith an energy related variable, it const i tutes a good 
e s t ima to r of pr imary p r o d u c t i o n (Bryl insky and M a n n , 1973) . 
The relationship of chlorophyll-a concentration with productivity has been 
assessed in a number of aquatic ecosystems in various countries of the world. 
In India also several studies have been conducted on p lankton and their 
primary production, their seasonal variation and the factors limiting their 
production (Sreenivasan, 1965,1971; AH and Khan, 1978; Khan and 
Zutshi , 1980; Comita, 1985; Khan, 1986; Khan et al., 1988, Basheer , 
1991, Haque, 1991 and Sharma and Saxena, 1994). 
Outside India, several studies have been conducted to study primary 
production in the water bodies receiving effluents from thermal power plants. 
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Notable among them are those of Benda et a!. (1974), Hickman {1974). 
Stuart,(1978), Squires e/a/. (1979), Tine (1 981), Crecelius (1 985), Simm 
(1988), Zdanowski (1988) and Snoej's and Prentice (1989). However, in 
India, the study on the productivity of such ecosystems has received little 
attention so far. The studies undertaken on this aspect include those of Mukherjee 
ei al. (1986) and Baneerjee and Mukherjee (1990). In view of the scanty 
knowledge in the field of primary production in leachate reservoirs in India, the 
present study was conducted in a reservoir receiving effluents from a 
coal-fired thermal power plant with the aim to investigate various aspects 
of the the primary production, its seasonal variations and limiting factors. 
5.2 MATERIALS AND METHODS : 
The present study was carried out for a period of two complete 
calender years from March, 1995 through February, 1997. Studies were made 
at a monthly basis on four collection sites, namely S-1, S-2, S-3 and S-4 whose 
positions along the HTPP reservoir have already been indicateu in chapter II 
of this thesis. 
Primary production was estimated by observing the post-incubation 
changes in dissolved oxygen concentration in the water collected from sampling 
sites in light and dark bottles following the method of Gaarder and Gran 
(1927). For each monthly reading, six samples of water were collected from 
a given site. The sample size was restricted to 250 ml of water taken in a 250 
ml capacity glass stoppered bottle. Sampling was done taking the water from 
the surface of the water body. These samples were taken in two successive 
batches. In the first batch water was collected in two light bottles and was 
analysed immediately for dissolved oxygen (D.O), the mean of these two readings 
was taken as the initial value of dissolved oxygen in a 250 ml sample collected 
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in the first batch. In the second batch, collection of water was made in four bottles, 
two of which were light and two were dark. They were stoppered immediately 
and were allowed to incubate for a period of 4 hours before they were subjected 
to analysis for D.O. concentration. During the period of incubation they were 
kept submerged under water. Like was the case with the sample collected in 
batch 1, here also the mean value of the readings of the two light bottles was 
taken as representative of a 250 ml sample incubated in light bottles and the 
mean value of the readings obtained for the two dark bottles was taken as a 
representative for the sample incubated in dark bottles. The primary production 
was calculated as under: 
(i) Gross Primary Production (GPP) = Light bottle D.O.- dark 
bottle D.O. 
(ii) Net Primary Production (NPP) = Light bottle D.O. - initial 
D.O. 
(iii) Community Respiration (CR) = Initial D.O. - dark bottle D.O. 
The carbon values were then obtained from the oxygen values collected 
as GPP, NPP and CR by multiplying with a factor 12/32 (i.e. 0.375) considering 
that I mole of02(32 g) is released for each mole of carbon (12 g) fixed 
(APHA, 1992). 
Chlorophyll-a which is a measure of productivity, was estimated by 
filtering a 500 ml sample of water through Whatman Filter Paper No. 41. 
The filter paper containing the phytoplankton residue was then put in a small 
beaker of suitable size and was then covered with 8 ml of 90% acetone. 
0.2 mL of magnesium carbonate (MgCOj) suspension was also added to the 
contents present inside the beaker. Then the volume of these contents was raised 
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to 1 0 ml by adding more of 90% acetone. After this the beaker was t ightly 
closed with the help of aluminium foil in order to stop any evaporation. It was 
stored for 6 hours at 4°C for the pigments to elute. The chlorophyl l -a 
extract was thencentrifuged at 3000 rpm for 20 minutes. After centrifugation, 
it was decanted and the volume of the decanted liquid was raised to 10 ml 
by adding adequate amount of 90% acetone. Optical densit ies (O.D.) of 
this liquid were noted at 665, 645 and 630 nm. Calculations for the estimation 
of chlorophyll-a were made according to the following formula which was 
obtained from APHA (1992): 
Chlorophyll-a (mg pigment/L)= 11.64 (OD 665)-2.16 (OD645)+0.10(OD630) 
5.3 RESULTS AND DISCUSSION : 
The monthly observations regarding gross primary productivity (GPP), 
net primary productivity (NPP), community respiration (CR) and chloro-
phyll-a values alongwithphytoplanktonbiomassare presented in Table 5.1 
and illustrated in Fig. 5.1 to 5.3. All these parameters showed both temporal 
and spatial fluctuations. S-1 showed no primary production because of absence 
of green aquatic organisms at this place. AtS-2, the values of GPP were found 
to vary between 0.062 mgC/m^/hr as noted in Sep., 1995 and 0.123 mgC/mVhr 
in June, 1995. At S-3 the GPP values varied between 0.141 mgC/mVhr in 
Sep. , 1995 and 0.293 mgC/mVhr in May, 1995. At S-4 the GPP value was 
0.112mgC/mVhr inMarch., 1995 andO.251 mgC/mVhr inMay, 1996. The 
values of net primary production (NPP) varied between 0.01 0 mgC/mVhr 
in Sept. , 1995 and 0.061 mgC/mVhr in June, 1995 and D e c , 1996 at 
S^; between 0.078 mgC/mVhr in Sep, 1996 and 0.169 mgC/mVhr in May, 
1996 at S-3 and between 0.040 mgC/mVhr in Sep., 1995 and 0.125 
mgC/mVhr in April, 1996 at S-4. The relatively higher values of gross 
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primary production as compared to the net primary production (Table 5.1. 
Fig. 5.1, 5.2 and 5.3) were due to the fact that phytoplankton cel ls lose 
an appreciable amount of assimilated carbon during different metabol ic 
activities particularly through respirat ion and excretion (Ryther , 1956; 
Fogg et al., 1965 and Haque, 1991). 
At S-1, the green aquatic organisms which could perform carbon asimilation 
were not present. Their absence rendered this station non-productive. Sri vastava 
et al. (1993) have also reported complete absence of phytoplankton in the 
coal fired thermal power plant effluent zone. At other s ta t ions , however, 
primary productivity values showed biomodal fluctuations, with two peaks 
appearing in one year. The first peak was observed during summer months 
while the second peak occured during post monsoon and winter months . The 
summer peak was more pronounced as compared to the post monsoon 
peak. Low values of productivity were recorded during monsoon months . 
High values of primary production coincided with high numerical presence 
of phytoplankton and thus high values of chlorophyll-a. Similarly, low values 
of primary production coincided with lownumerical presence of phytoplank-
ton and therefore, low values of chlorophyll-a (Table 5.1 and Fig. 5.1, 5.2 
and 5.3) The low values of productivity during monsoon months were due 
to rains which resulted in high turbidity and reduced light penetration in the 
water body, curtailing photosynthesis performed by phytoplankton and other 
green aquatic organisms. Similar observations were also reported by Basheer 
(1991) and Haque (1991) in the case of other water bodies . Khan and 
Siddiqui (1971) observed high productivity values during post-winter months 
(March - May). Ali and Khan (1978) reported high rate of product ion 
in April and May and low rate of production in Feb. and June. Saran and 
Adoni (1985) reported an increase in productivity during late winter resulting 
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into a peak production in the late summer or early monsoon, followed by 
a decline thereafter. Contrary to these findings. Sreenivasan (1 964b) report-
ed high primary production in cloudy weather under poor light condit ions. 
Community respiration (CR) rates were also found to fluctuate at 
different stations during different months. While the highest value of CR was 
0.151 mg C/mVhr which was observed in the month of May, 1995 at S-3, 
its lowest value was 0.03 8 mgC/mVhr which was recorded at S-4 in the month 
of Sep., 1995. At all the study stations where zooplankton were present, high 
CR rate coincided with high zooplankton density and low CR rate with low 
zooplankton density. Therefore, it can be said that fluctuations in CR rate were 
in close agreement with the fluctuations in zooplankton density. Statistically, a 
significant positive correlation was found to exist between CR rate and zoop-
lankton density at S-3 (r=0.42, p < 0.05) and at S-4 (r = 0.98, p < 0.05). 
Looking at the variations in chlorophyll-a readings recorded at the four 
study stations, it was found that chlorophyll-a which is a measure of standing 
crop of phytoplankton, fluctuated between 0.020 mgpigment/L in Sep., 1995 
to 0.098 mg pigment/L in June, 1996 at S-2; between 0.068 mg pigment/L 
in Feb. , 1997 and 0.188 mg pigment/L in May, 1995 at S-3; and between 
0.064 mg pigment/L in March, 1995 and 0.149 mg pigment/L in June, 1995 
at S-4. (Table 5.1). Its value was nil at S-1 throughout the tenure of the present 
study. The spatial variation shown by the values of chlorophyll-a showed the 
same trend as exhibited by productivity, which was S-3 > S-4 > S-2, the values 
for both productivity and chloropyll-a being nil at S-1. (Table 5.1 and Fig. 5.1, 
5.2 and 5.3). 
The year round presence of Z. minor at S-3 was mainly responsib le 
for the high rate of photosynthesis there. The factor which favours the 
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dominance of I . minor is its high reproductive rate (Baker and Orr, 1986). 
Dale and Gillespie (1976) reported that the ability of Z-. minor to intercept 
light and obtain CO^ from the atmosphere, and the presence of ni t rogen 
fixing symbionts in its fronds give it a competetive advantage over plankton 
and other submerged plants . Higher production of L. minor at S-3 may 
also be due to the release of good amount of ions and organic compounds as 
a product of the decomposition of organic matter chiefly comprising its dead 
fronds which settle down to the bottom of the reservoir as sediments and 
decompose there. These dead L. minor which make the sediment are relatively 
a small portion of the dead of their kind, majority of whom remain buyont and 
undergo decay at the surface. The reason for nil production at S-1 has already 
been discussed above. Low values at S-2 were also due to the presence 
of high amount of pollutants from HTPP as this station is close downstream 
to S-1. Stuart and Stanford (1978) reported that thermal loading depresses 
phytoplankton primary production and standing crop by causing nutr ient 
l imitat ion. Squires et al. (1979) found that the thermal eff luents sig-
nificantly affect the algal flora below the discharge point. Tine (1981) , 
in his studies conducted on an estuary off the eastern Gulf of Mexico which 
was under thermal impact of the effluent from a thermal power plant, suggested 
that combination of high turbidity and high temperature may cause decrease 
in net productivity. Zdanowski (1988) reported decrease in pr imary pro-
duction as a result of both the lower water retention in aheated lake near 
Konin (Poland) and little abundance of nutrients. Srivastava et al. (1993) 
reported reduced primary production in that zone of Riband river which was 
affected by effluents from the coal-fired thermal power plant. On the other 
hand, Crecelius (1985) reported that addition of soluble fly-ash had no 
effect on the '^ C uptake rate of phytoplankton thus indicating that the primary 
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production in productive Washington shelf waters remains apprently unaf-
fected. While reporting on the entire ecosystem of the HTPP reservoir, Gaur 
and Khan (1993a) have reported little or no effect of thermal power plant 
effluents on the productivity of phytoplankton of the entire reservoir, which 
was due to very little reduction in the euphotic zone of that entire ec-
osystem by the fly-ash from the thermal power plant. 
5.4 FACTORS INFLUENCING PRIMARY PRODUCTION : 
Many physio-chemical parameters were found to influence primary 
production in the HTPP reservoir. According to Clarke (1941), Welch 
(1952), Vollenweider et al. (1974), Goldman and Home (1983) and Basheer 
(1991), the availability of light, its extent and intensity are important factors 
governing the photosynthetic activity of chlorophyll bearing organisms. 
Nielsen and Jensen (1957) and Hutchinson (1975) considered transparency 
as an index of productivity. In the present study, high values of primary 
production occured when the values of transparency were low ( Fig. 5.1, 
5.2 and 5.3) showing an inverse relationship between transparency and pro-
ductivity. But, statistically significant negative correlation between transparency 
and GPP could be found only at S-3 (r = -0.55, p < 0.05). Datta et al. (1984) 
have also observed an inverse relationship between these two variables. However, 
Haque (1991) has reported a direct relationship between transparency and 
productivity in his study which was conducted on a polluted pond at Aligarh, 
(U.P.). At S-3, low values of transparency were mainly due to constant 
presence of Lemna organisms there. 
Surface water temperature is konwn to have considerable influence 
over the primary production in freshwater (Northcote and Larkin, 1956; 
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Sreenivasan. 1964b; Vijayraghvan, 1971; Datta et al., 1984 and Haque, 
1 991). However, Qasim et al. (1969) and Datta and Choudhury (1 984) did 
not find any effect of temperature on organic production in tropical water 
bodies. In the present study, primary production values were found to have 
positive correlation with the surface water temperature at station S-2, S-3 
and S-4. However, a significant positive correlation between surface water 
temperature and primary production could be found only at S-3 (r=0.61, p < 
0.05) and at S-4 (r = 0.54, p < 0.05). The increase in the temperature of water 
present in the reservoir due to the inflow of hot effluents from HTPP was found 
here to be upto 4°C. The impact of this increase in temperature was not found 
to be critical for primary productivity neither in winter when ambient tem-
perature was low nor in summer when ambient temperature was high. 
In natural waters, dissolved nutrients are known to control the 
primary production (Northcote and Larkin, 1956; Qasim et al., 1969; 
Vollenweider e/a/., 1974; Wetzel, 1975 and Jhingran, 1991). In the present 
study, total dissolved solids (TDS) were found to have a significant negative 
correlation with gross primary production (GPP) at S-2 and S-3, with the values 
of coefficient of correlation being -0.43, p < 0.05 at S-2 and -0.60, p < 0.05. 
At S-4, the correlation between these two parameter was found to be insignificant 
(r = -0.40, p > 0.05). Among nutrients, phosphate-phosphorus (PO^-P) showed 
significant negative correlation with gross primary production (GPP) at S-2 
(r = -0.49, p < 0.05) and S-4 (r = -0.67, p < 0.05) as well as with phytoplankton 
(Table 3.15). At S-3, these parameters showed positive correlation between them 
(Table 5.2). It may due to the release of phosphates during the decomposition 
of dead L. minor fronds and phytoplankton as also discussed under Chapter 
III ofthisthesis. Goldman (1960), Khan and Siddiqui (1971), Vollenweider 
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et al. (1974) and Wetzel (1975j have also reported direct influence of 
phosphate on primary production. But Haque (1 991) did not find any effect 
o fphospha te -Pon primary production. 
According to Jhingran (1991), more than 0.2mg/Lofphosphate-P con-
centra t ion is likely to reflect productive nature of natural waters . In the 
present study, at S-3 the phosphate -P concentration was found to be 0.92 
mg/L, and such a high concentration of phosphate-phosphorus at S-3 indi-
cates the productive nature of this station. 
Nitrate nitrogen (NOj-N) showed significant negative relationship with GPP 
at S-2 and S-4 (Table 5.2). Such a relationship indicates the utilization of NO^-
N by phytoplankton at these two stations. As already discussed in chapter III, 
at S-3 a weak positive correlation was noted between these two parameters. 
The reason for the existence of positive correlation between them could be the 
release of NO3-N during the decomposition of Z. minor fronds and phytoplank-
ton. Goldman and Wetzel (1963), Dutta et al. (1984) and Haque (1991) 
have also reported positive correlation between NO3-N and primary produc-
tion. 
Primary production showed positive correlation with phytoplankton density 
and chrolophyll-a at all the stations. The values of coefficient of correlation (r) 
are given in Table 5.2. Prasad and Nair (1963), Haque (1991) and Sharma 
and Saxena (1994) have also observed significant positive cor re la t ion 
between primary productivity and phytoplankton population. But Bhargava 
and Saxena (1987) reported that instead of the phytoplankton popula t ion 
it was chlorophyll content which was of importance in primary product ion . 
Contrary to their view, Sumitra (1969) could not find any corre la t ion 
between chlorophyll and productivity values. 
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Values of gross primary production (GPP) obtained here for HTPP 
leachate reservoir are low as compared both to those obtained for reservoi rs 
by Bhargava and Saxena (1987) and those recorded for pond ecosys tems 
by Khan and Siddiqui (1971), Basheer (1991) and Haque (1991) , thus 
indicating that this leachate reservoir is an oligotrophic one. 
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SUMMARY 
The present thesis incorporates the results of studies conducted 
on the water and sediment quality of a reservoir receiving effluents 
from Harduaganj Thermal Power Plant (HTPP) at Aligarh. The area of 
the reservoir is 75.33 hectares with the water-filled area being only 
13.5 hectares. The remaining portion is dry due to the deposition of 
fly-ash. Four sampling stations were selected. Station S-1 was selected 
near the place of entry of effluents from HTPP, S-2 was 360m downstream 
from S-1 and S-3 was at the farthest N-W corner of the water filled 
area harbouring Lemna minor all the year round. Station S-4 was 
located at the farthest S-W corner of the waterfilled portion of the 
reservoir and was towards the outlet carrying water from the reservoir 
into Lahtoi drain. 
Regarding the water quality parameters, the ashy-black colour 
of water gradually attains lighter hue as one moves downstream from 
S-1 to S-4. Temperature of surface water varied with temperature of 
air, both having highest temperature during the summer and lowest 
during winter. Water transparency was nil at S-1 and maximum at S-
4. Solids and electrical conductivity (E.C.) were highest at S-1 and 
lowest at S-4. 
The pH varied from 7.1 at S-4 to 8.7 at S-1. Carbon-dioxide (COj) 
values were also highest at S-1 (33.00 mg/L) and lowest at S-4 (0.40 
mg/L). Phenolphthalein alkalinity was found to be nil throughout the 
study period. Total alkalinity varied between 38.0 mg/L at S-4 in 
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January, 1996 to 144.0 mg/L at S-1 in .lunc. 1996. Dissolved oxygen 
showed wide fluctuation at S-3, to the extent that both the highest and 
lowest values of all the stations were recorded at S-3 during different 
months. Biological oxygen demand (BOD) was highest at S-3 (2.0 mg/ 
L) in June,. 1995 and lowest at S-1 (0.86 mg/L) in December, 1995. 
Chemical oxygen demand (COD) was highest at S-1 (33.0 mg/L) and 
lowest at S-4 (12.0 mg/L). Calcium, chloride and hardness values were 
comparatively high at S-1 and low at S-4. Nutrients like nitrite-nitrogen, 
nitrate nitrogen and phosphate-P were comparatively high at S-3 and 
low at S-4. Ammonia-N was highest at S-3 and lowest at S-1. Silica 
content was highest at S-1 (421 |ig/L) in August, 1995 and lowest at 
S-4 (430.0 ^g/L) in September 1995 and also in October, 1995. Silica 
showed significant negative correlation with diatoms at station S-4 and 
significant positive correlations at stations S-2 and S-3. The heavy 
metals analysed in the leachate reservoir showed a trend of concentration 
as Fe > Mn > Cr > Zn > Ni > Pb. 
Plankton organisms were absent at S-1 and were highest at S-
3. Phytoplankton density varied between 59 No./ml at S-2 to 255 No./ 
ml at S-3. Phytoplankton population comprised four major groups 
incorporating 27 genera. Arranged in order of abundance these groups 
were Bacillariophyceae > Desmidiaceae > Chlorophyceae > Myxophyceae 
at S-2 and S-4, and Chlorophyceae > Myxophyceae > Bacillariophyceae 
> Desmidiaceae at S-3. Total phytoplankton density showed diacmic 
pattern in its distribution with the summer peak being of higher magnitude 
than the postmonsoon or winter peak which was of lower magnitude. 
Phytoplankton density was positively correlated with water temperature 
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and negalively correlated wiili nilrato-N and phosphatc- l ' . Presence of 
Cionatozypon, Cosmavium and Closicrium in higher numbers at organically 
rich station S-3 indicates their high tolerance to organic matter. Zooplankton 
showed their highest density at S-3 (69 No./ml) in June, 1996. They 
were not detected at S-1 throughout the study period. Zooplankton were 
represented by three groups incorporating 11 genera. Arranged in the 
order of their abundance these group were Rotifera > Cladocera > Copepoda. 
Eggs and Nauplii were also recorded. Fish fauna of the leachate reservoir 
includes minor carps like, Fundus sophore, Esomus danricus and Oxygaster 
bacaila; some air breathing fish species like, Glorias batrachus, Heteropneustes 
fossilis, Channa punctatus, C. gachua and Trichogaster; and Gambusia 
affinis. 
With regard to the sediment quality parameters, a gradual reduction 
in the darkness of colour noted from station S-1 to S-4, was due to 
sett l ing down of the fly-ash during the course of the flow of water in 
the reservoir . The sediment was composed of almost 100% inorganic 
matter at S-1 and 74% inorganic matter at S-3, the remaining being 
organic particulate matter (0PM). Temperature of sediment was influenced 
by the water temperature with significant posit ive correlat ion present 
between the tvvo variables. The pH of the sediments at any given place 
was higher than the pH of surface water there. Total alkalinity was 
due to bicarbonates only and varied between 34 mg/100 g of sediment 
at S-4 in August 1995, to 69 mg/100 g of sediment at S-1 in June 1996. 
Available-P and nitri te-N showed trend S-3 > S-4 > S-2 > S-1 with 
higher values recorded during summer and lower during post-monsoon 
months. Exchangeable ammonia varied from below the detection level 
I l l 
(BDL) in November, 1995 at S-l to 0.44 mg/100 g of sediment at 
S-3. Organic matter was also below the detection level (BDL) at 
S-l during some months and was in highest amount at S-3 (0.62%) in 
December, 1996. The trend of distribution of dissolved organic matter 
was S-3 > S-4 > S-2 > S-l. At S-2, S-3 and S-4 a negative correlation 
was noted between the dissolved organic matter and the sediment 
temperature. 
Benthos density was high during summer and low during winter 
months. It was found to be positively correlated with sediment temperature 
and negatively correlated with the organic matter content in the sediments. 
Benthos were represented by insects gastropods, oligochaetes, ostracods, 
rotifers and miscellaneous organisms. Among these insects dominated 
the scene. They constituted upto 63.46% of the total benthic density, 
whereas the miscellaneous organisms contributed least to the total 
benthos. The trend of abundance shown by different genera was Chironomus 
> Notonecta > Beatis > Corixa > Belostoma. Oligochaetes had their 
highest density in July, 1996 (131 No./m^) at S-3, the organically rich 
station, and lowest density at S-2 (2 No./m^) in December, 1996. 
Among oligochaetes, Tubifex was the most abundant genus and Chaetogaster 
was the least abundant. Rotifer density was high during summer and 
low during winter. Among rotifers, Filinia was most abundant while 
Keratella was least abounding at S-2 and S-4. At S-3, Brachionus 
dominated the rotifers. Ostracod density varied from 3 No./m^ at S-
2 in January, 1996 to 112 No./m' at S-3 in August, 1996. Among 
rotifers Centrocyprids were more abundant as compared to Hetrocyprids. 
Gastropods contributed 5.77% to 12.96% to the total benthic density. 
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Among Gastropods, Vivipara showed highest share and Corhicula was 
absent during certain months at some stations. Miscellaneous organisms 
contributed least to the total benthic density. 
Primary production was found to be nil at S-1 mainly because 
of total absence of green aquatic organisms. At other stations values 
of gross primary production (GPP) were found to vary between 0.062 
mgC/mVhr and 0.25 mgC/mVhr. Net primary production (NPP) varied 
between 0.010 mgC/mVhr and 0.169 mgC/mVhr. Higher values of 
primary production were recorded during May at S-3 and lower values 
were noted during September at S-2. Primary production values showed 
bimodal fluctuations, with the first peak which was of higher magnitude, 
appearing during summer and the second peak of relatively lower magnitude 
noted during post-monsoon or winter months. Higher values of primary 
production coincided with higher phytoplankton density and thus high 
values of chlorophyll concentrations in the community respiration (CR) 
values between 0.038 mgC/mVhr to 0.151 mgC/mVhr. were due to 
fluctuation in the zooplankton density. Chlorophyll-a values showed 
similar trend of fluctuations as noted in case of primary production, 
with higher values during May and lower valued during September. The 
factors influencing primary production were found to be light, temperature 
and dissolved nutrients. 
Low nutrients concentration in the water and sediment of 
the leachate reservoir and also low values of primary production put 
the leachate reservoir into an oligotrophic state. 
CONCLUSIONS 
1. The water is ashy black in colour which gradually attains lighter hue 
as one moves down from station S-1 to station S-4. 
2. Temperature, transparency, pH and other physico-chemical parameters 
varied at different stations. 
3. Plankton organisms were absent at S-1 and were highest at station, 
S-3. 
4. Total phytoplankton population showed diacmic type of distribution 
indicating two peaks of abundance in a year. 
5. Zooplankton showed highest density at station S-3 in the month of 
June. 
6. Fish fauna includes minor carps and some air-breathing fishes. 
7. Sediments composed of almost 100% inorganic matter at S-1 and 74% 
inorganic matter at S-3 with remaining amount of organic particulate 
matter at S-3 and other stations. Temperature, pH, total alkalinity 
and other inorganic and organic constituents of the sediments varied 
at different stations. 
Benthic communities of the sediments were represented by insects, 
molluscs, annelids, ostracods and rotifers with dominance showed by 
insects (64%). 
8. Primary production was nil at S-1 because of total absence of green 
aquatic organism. At other stations primary production values varied 
greatly showing bimodal fluctuations. 
9. Low nutrients in the water and sediments alongwith low primary 
production values put the leachate reservoir into an oligotrophic state. 
RECOMMENDATIONS 
1. The leachate reservoir can be effectively used for aquaculture practices 
mainly for fish culture using modern advanced technologies as 
recommended by CIFA, Kausalyaganga. Bhubaneshwar (Orissa). 
2. The fly-ash obtained can be used in making bricks, cement and in 
agriculture for soil improvement. 
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Tabic 5.2 : Statistical briefs between Gross Primarj' Production (GPP) and 
various water quality Parameters at different Stations*. 
Parameter 
Temperature 
Transparency 
Nitrate-Nitrogen 
(NO3-N) 
Phosphate-Phosphorus 
(PO,-P) 
Total Dissolved Solids 
(TDS) 
Phytoplankton 
Chlorophyll-a 
Station 
S-2 
S-3 
S-4 
S-2 
S-3 
S-4 
S-2 
S-3 
S-4 
S-2 
S-3 
S-4 
S-2 
S-3 
S-4 
S-2 
S-3 
S-4 
S-2 
S-3 
S-4 
Coeff. of 
Correlation(r) 
0.22 
0.61 
0.54 
-0.22 
-0.55 
-0.33 
-0.51 
+0.03 
-0.47 
-0.49 
+0.32 
-0.67 
-0.43 
-0.60 
-0.40 
0.85 
0.81 
0.82 
0.57 
0.95 
0.65 
Student's 
't'-test 
1.057 
3.610 
3.009 
1.057 
3.088 
1.639 
3.233 
0.141 
2.497 
2.636 
1.584 
4.233 
2.234 
3.517 
2.047 
7.567 
6.478 
6.719 
3.253 
14.269 
4.011 
Significance 
(p < 0.05) 
X 
V 
V 
X 
V 
X 
• 
X 
• 
• 
X 
• 
• 
y 
X 
• 
• 
V 
• 
• 
• 
* At Station S-1, primary production Values were nil. 
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